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BLOOD HISTAMINE IN LEUKEMIA AND ERYTHREMIA'! 


By Micuaev B. Suimkrin, Leo Saprrstern, Franz R. M. WHEELER, and NaTHANIEL IJ. BERLIN, 
Laboratory of Experimental Oncology, University of California Medical School, San Francisco, and National Cancer Insti- 
tute; Department of Medical Research, Permanente Foundation, Oakland, Calif., and the Division of Medical Physics, 


University of California, Berkeley, Calif. 


Histamine (8-iminazolylethylamine) is present 
in almost every mammalian tissue. It probably is 
a decarboxylation product of histidine and appar- 
ently exists within cells in a bound, inactive form, 
since it is present in amounts that are toxic when 
liberated. Its marked pharmacologic effects have 
led to extensive speculation regarding its possible 
role in such conditions as allergy, shock, headache, 
and peptic ulcer.’ 

The interesting finding of tremendously in- 
creased quantities of histamine in the blood of 
patients with myelocytic leukemia, although 
described over a decade ago, has not attracted 
attention in American publications. The present 
report summarizes the available information on 
this subject, with additional determinations and 
observations in leukemia and erythremia. 


MATERIALS AND METHODS 


The patients in the study were drawn from 
the University of California Hospital and Clinics 
and from the Division of Medical Physics of the 
University of California. We are indebted to the 
staffs of Letterman General Hospital, the San 
Francisco City and County Hospital, and to the 
Veterans Administration Hospital for additional 
patients or for blood samples. The diagnoses 
Were established by bone-marrow aspirations as 
well as by fixed and supravital stains of the 
peripheral blood. 

Blood was drawn from the antecubital vein 
after mild compression of the arm. The blood 


' Received for publication September 20, 1948. 
* For a recent review and extensive bibliography, see Selle (1). 


was then delivered at once into a flask containing 
10 to 15 ce. of 10-percent trichloracetic acid and 
placed in a refrigerator. Complete blood counts 
were performed at the same time or shortly after 

blood was drawn for histamine determinations. — 
In patients studied for the possible release of 

histamine into the plasma, heparin was added to 

the blood as an anticoagulant and the blood 

separated by centrifugation at 3,150 r. p. m. for 

10 minutes; the plasma was pipetted off and 

examined for the absence of cells. The plasma 

and the remainder of the blood sample were 

placed separately in trichloracetic acid. 

The histamine content of the whole blood or the 
plasma was determined by the method of Barsoum 
and Gaddum (2), as modified by Code (3). The 
values are expressed as micrograms of free his- 
tamine base per 100 cc. of blood. 


RESULTS 


The results of the present determinations are 
recorded in tables 1 and 2. Table 3 summarizes 
the available information on blood histamine 
content in man by combining the results of the 
present series with results published by Barsoum 
and Gaddum (4), Marcou et al. (5-6), Code and 
MacDonald (7), Haworth and MacDonald (8), 
Rose (9-11), Rose and Browne (12), Randolph and 
Rackemann (1/3), Went and Rex-Kiss (14), 
Shimkin et al. (15), and Thiersch (16-17). 


Bioop 


The values of histamine in the blood of normal 
individuals fall between 1.8 and 8.5, with an 
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average of 4.0 micrograms. To the group of 133 
normals of table 3 should be added the control 
group of Rose and Browne (12), who found blood 
histamine values of 2.5 to 8.0 (average 4.0) in 50 
individuals. Our results on 10 normal adults 
agree with these figures. Haworth and Mac- 
Donald (8) and Rose (10) found the values of 
blood histamine in normal individuals to be almost 
identical upon repetition of the determinations 
days to months later. 

Code (18) localized 80 percent of the blood 
histamine in man in the white blood cells, with 
but traces being present in the plasma, and es- 
tablished (79) that the histamine is carried chiefly 
by the granulocytes. However, the histamine 
content is not directly related to the number of 
circulating granulocytes in the blood. Thus, our 
data show that in 9 patients with leukocytoses of 


Tasie 1.—Blood histamine in erythremia and leukemia 
ERYTHREMIA 
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10,700 to 18,800, of which 8,000 to 16,600 were 
granulocytes, the blood histamine values were 1.2 
to 5.4 micrograms, for an average of 3.6 micro- 
grams. Eight patients with total white blood 
counts of 2,600 to 5,800, of which 3,500 or less of 
the number were granulocytes, had blood histamine 
values of 1.2 to 6.4, for an average of 4.1 micro- 
grams. Three of the four patients with eosino- 
philia studied by Code and MacDonald (7) had 
elevated blood histamine; the number of eosino- 
phils was between 960 to 3,000 per cubic milli- 
meter of blood. In contrast with these findings, 
Randolph and Rackemann (/3) reported 8 patients 
with 5,390 to 16,280 eosinophils per cubic milli- 
meter whose blood histamine ranged from 1.9 to 
10.5 micrograms; the highest value, of 12.1, was 
found in a patient with bronchial asthma having 
1,510 eosinophils per cubic millimeter of blood, 


White blood cells 


Whole 

Case No. Name Sex Age ; , blood 
—— Granulo- Lympho- Mono- histamine 

millimeter cytes cytes cytes 
Micro- 
grams 
Years Number Percent Percent Percent ce. 

1 MA M 4 10, 200 SS 6 0.0 
2 JGB M 69 7,350 sl 15 4 15.1 

3 HEC M 48 7. 500 2 
4 WE M 48 8, 800 io 31 9 6.0 
5 SLE M 65 12, 200 79 14 7 12.0 
6 AF F 6 7, 800 7 28 1 3.6 
7 RFH M sl 6, 000 77 14 9 23 
8 RI F 52 5, 200 76 Is 8 10.0 
9 ML F 66 12, 250 76 20 4 12.5 
10 BL M 7 9, 300 S83 15 2 5.0 
11 AM F 58 6, 150 75 21 4 5.0 
12 HM M 49 16, 250 SS ll 1 24.0 
13 AMcV F 63 7, 700 sO 15 5 s0 
14 PN M 58 8, 500 77 18 5 5.0 
15 ER F 73 47, 700 197 ‘ 50.0 
16 ss F 55 45, 000 20.0 
17 MSs M 44 15, 100 6s 28 4 11.0 
In? WDB M 46 19, 600 SO 12 2 12.6 

LYMPHOCYTIC LEUKEMIA 

lg EB M 47 20, 450 24 76 3 

2 GC 3 F 1 7, 200 18 70 4 12 
21 JE M 76 248, 400 2 98 . 4.0 
22 FE 3 M 34 31, 000 1 99 0.0 
23 AJ M 48 73, 000 10 90 3.0 
24 TL M 32 37, 000 21 7s 1 18.0 
25 PL M 68 18, 100 5 91 2.0 

26 AM F 60 12, 000 2 él iF 5. 
272 HEA M 62 96, 500 4 96 4 

MONOCYTIC LEUKEMIA 

28 M 32 48, 000 28 18 6.0 

39 LT F 25 6, 900 18 50 32 : 


' Including 5 and 18 percent myelocytes, respectively. 
2 Reported previously (15). 
* Acute leukemia, died within 2 weeks after determination, 
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were TABLE 2.—Blood histamine in myelocytic leukemia 
re 12 CHRONIC MYELOCYTIC LEUKEMIA 
nicro- 
blood White blood cells/cubic millimeter | 
ess of Case No. Name Sex Age of Promyelo- vmpho- blood | determination 
imine Total Granulo- cytes and yt nd histamine of histamine 
number cytes myelo- 
nicro- blasts monocytes 
OSINO- Micro- 
) had 
Years Months Percent Percent Percent ee. Months 
osino- | 3! LJ 6, 600 25 32.0 Alive, 10. 
. 32 BIN F 19 45 19, 000 97 4 3 29.1 Alive, 10. 
milli- B VV M 58 18 35, 500 89 5 11 250.0 
19 87, 100 87 10 3 225.0 Dead, 0.2. 
dings HN M 24 54, 000 96 4 65.0 | Dead, 10. 
F Is 78, 500 4 290.0 Alive, 12. 
tients | 3 ACH M 29 30 127, 000 96 2 4 160.0 | Alive, 8. 
E M 44 12 296, 000 100 | 575.0 Dead, 6. 
milli- 8 AH F 46 36 309, 000 97 5 3 208.0 Alive, 8. 
39 CH M 69 5 310, 000 99 15 1 1, 680. 0 
1.9 to 12 2 33, 000 98 *3 2 106.7 Dead, 7. 
" 0 FH M 34 36 314, 000 99 7 1 380.0 Dead, 15. 
1. was 41. MA F 27 21 370, 000 96 1 4 550.0 Alive, 8. 
ee ACUTE EXACERBATION OF CHRONIC MYELOCYTIC LEUKEMIA 
42. MW F 36 26 147, 000 68 10 32 53.0]. 
27 184, 600 96 73 4 20.0 Dead, 3. 
% RJD M 34 42 245, 000 100 8.0 Dead, 0.3. 
rr Ws M 73 12 210, 000 96 7 4 5.0 Dead, 0.4. 
ACUTE OR SUBACUTE MYELOCYTIC LEUKEMIA 
RER M 42 2 20, 000 24 575.0 | 
on 6 8, 950 27 3 73 7.0 | Dead, 0.3 
6... Gs M 20 2 35, 850 84 10 16 200.0 | Dedd, 0.6 
cs M 20 1.5 352, 000 100 10.0 | Dead, 0.5. 
: 48! JET M 35 2.0 85, 000 93 22 7 3.2 | Dead, 0.5. 
Micro- CDH M 26 1.6 6, 750 17 20.0 Dead, 0.2. 
yrams 1) 
ce. 
Reported previously (15). ? Following X-ray therapy. 
6.0 
= TABLE 3.—Blood histamine in man 
3.6 
23 
: ry Number of patients, according to blood histamine in micrograms per 100 ce. 
5.0 Condition Reference ! Spread | “coe 
24.0 1- | 3-| 7- 16 101--201-  301- | 401- | |1,001-| Total age 
2 4 6 2 100-200 | 300 400 500 1,000 2,000) 
5.0 
12 6 Miscellaneous 
Bronchial asthma, ec- 
zema, urticaria 910,13 8&8 34 20 1B 3 2 1 90 1.0- 
4.0% Lymphocytic 
10.0 14,15,17| 6| 6| 2| 2 1 1 23 1.0-18 
WE Myelocytic leukemia... 6,7,14.15,16 .... 1,1 2 1) «1° 38 5 5 6 4 1 9 2 46 3. 2-1, 700 
‘Combining results of tables 1 and 2. 
a ‘Including peptic ulcer, hypertension, nephritis, uremia, pernicious anemia, gastric carcinoma, and Hodgkin's disease. 
~ | Went and Rex-Kiss (14) also were unable to sub- — of which 50 percent were eosinophils, and the 
4} Stantiate high blood histamine in eosinophilia. In blood histamine was 22.0 micrograms. A determi- 
_} | of our cases, a 28-year-old male with an eosino- nation 9 months later, when the white cell count 
Philia of undetermined origin (possibly essino- was 15,600, of which 43 percent were eosinophils, 
Philic leukemia), the white cell count was 48,000, revealed a blood histamine of 10 micrograms. 
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The essentially normal blood histamine in 
lymphocytic leukemia and the low histamine con- 
tent in lymph nodes indicate that lymphocytes do 
not contain appreciable amounts of histamine. 
The normal blood histamine in monocytic leuke- 
mia also excludes monocytes as an important 
carrier of histamine in the blood. Platelets in 
man do not contain appreciable amounts of hista- 
mine (15, 19). 


Various CLinicaL CoNnDITIONS 


As given in table 3, blood histamine determi- 
nations have been reported in a variety of clinical 
conditions. In the majority, the values fall within 
normal limits. Blood histamine has been found 
not to be elevated in hypertension, nephritis, peptic 
ulcer, gastric carcinoma, Hodgkin's disease, or 
pernicious anemia. 

Rose and Browne (1/2) reported that blood 
histamine is reduced in severe surgical or traumatic 
shock and in agonal states. Rose (10) also re- 
corded that blood histamine was low in seven 
patients during attacks of angioneurotic edema. 

Conditions other than myelocytic leukemia in 
which the histamine content of the blood occasion- 
ally may be definitely elevated include bronchial 
asthma, urticaria, eosinophilia, erythremia, and 
severe cutaneous burns. 

Barsoum and Gaddum (4) studied blood hista- 
mine insevere cutaneous burns; it rose from normal 
levels to up to 22 micrograms approximately a 
week following the burn and gradually returned to 
normal. A similar observation was recorded by 
Code and MacDonald (7). 

The blood histamine of patients with allergy is 
considerably more labile than that of normal 
individuals and may become elevated with the 
onset of the symptoms (/, 10). Although eosino- 
phil counts on the 6 cases of bronchial asthma and 
urticaria having blood histamines of 11 to 28 
micrograms are not given by the author (9, 10), 
it can be presumed that at least some of them had 
an eosinophilia. Of the 18 cases of eosinophilia 
due to a variety of causes (particularly bronchial 
asthma and parasitic infestation), 5 had blood 
histamine values of over 10 and up to 100 micro- 
grams. The raised values in allergic conditions 
and in eosinophilia may well be on the same basis 
but are not explained by the number of circulating 
eosinophils. 


ERYTHREMIA 


In 18 cases of primary erythremia studied by 
us, 10 had elevated blood histamine, from 10 
to 50 micrograms (table 1). Marcou et al. 
(5) also found an elevated blood histamine in 
1 case of erythremia. All our patients were 
adults, with erythremia of 1 to 11 years’ duration; 
12 were under treatment with radioactive phos- 
phorus, whereas 6 were untreated except by 
phlebotomy. 

No correlation could be established between 
the histamine content of the blood and the red 
blood cell count, platelet count, or the clinical 
condition of the patients. There was, however, 
rough correlation between the white cell count 
and blood histamine. Of 10 cases with white 
counts of under 10,000, only 2 had blood his- 
tamines of over 8 micrograms (cases 2 and 8), 
whereas all patients with white blood counts of 
over 10,000 also had raised blood histamine 
levels. Two patients (cases 15 and 16) with 
white counts of 47,700 and 45,000, of which 5 and 
18 percent were myelocytes, had blood histamines 
of 50 and 20 micrograms. It is possible that 
these 2 cases represent so-called erythroleukemia, 
or associated erythremia and myelocytic leukemia. 
On the other hand, another patient (case 12) 
with a blood histamine of 24, had a white count 
of 16,250, of which the youngest granulocytes 
were 1 percent metamyelocytes. The determi- 
nations were repeated 9 months later, when the 
patient’s white blood count was 20,100, of which 
77 percent were granulocytes with 13 percent 
nonsegmented forms; the blood histamine was 
20.0 micrograms. 

One patient, a 33-year-old female with second- 
ary polycythemia of 9.12 million due to congenital 
heart disease, and a white blood count of 6,800, 
had a blood histamine value of 4.0 micrograms. 
In view of similar values in erythremia without 
increase in the white blood cells, blood histamine 
would seem to be of no value in distinguishing 
primary from secondary polycythemia. 


Lympuocytic LEUKEMIA 


The blood histamine is essentially normal ip 
lymphocytic leukemia. Three elevated values 
were encountered in our 9 cases. The first, 
having a blood histamine of 12.5 micrograms, 
was an 1l-month-old girl (case 20), the blood 
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being obtained 4 days before death. The second 
was in a man with acute lymphocytic leukemia 
(ease 22), whose course from apparent onset to 
fatal termination was 3 months. The remainder 
of the patients had chronic lymphocytic leukemia, 
and our findings on all but 1 patient agree with 
the reports of normal blood histamines in the 
14 cases in the literature (table 3). No explana- 
tion is apparent at present of the high value of 18 
micrograms found in one of our patients (case 24). 
A month later, the blood histamine in this patient 
was found to be 16 micrograms; he had received 
no therapy during the interval, and his white- 
blood-cell count was 40,000 with essentially the 
same differential count. 


Monocytic LEUKEMIA 


Three cases of monocytic leukemia were 
studied. All had normal blood histamine, in 
agreement with Thiersch’s report (17) on four 
cases. Our three patients had fulminating clinical 
courses, Only one (case 28) living as long as 6 
months after the apparent onset of the disease. 

The existence of monocytic leukemia is. still 
debated among workers who do not accept the 
monocyte as a distinct cell type. In two of our 
cases (28 and 29), in addition to markedly 
increased numbers of monocytes in the peripheral 
blood and in the bone marrow, there were immature 
cells of the myelocytic series. Many of the cells 
designated as monoblasts really defied definite 
classification and may have been monocytoid 
myeloblasts. Differentiation between myelocytic 
and monocytic leukemia on the basis of blood 
histamine determination may be suggested by 
the reports of Thiersch (16, 17). Our findings 
in acute myelocytic leukemia, some of which 
also have normal histamine in the blood, negate 
the importance of this determination in the 
differential diagnosis of the two conditions, 
except that high blood histamine values argue 
against monocytic leukemia. 


Myetocytic LEUKEMIA 


The elevated blood histamine values in condi- 
tions other than myelocytic leukemia fall within 
the range of 10 to 100 micrograms; indeed, except 
for one determination in a case of eosinophilia 
reported by Code and MacDonald (7), no vaiues 
exceed 50 micrograms. Much higher values, up 


to 1,700 micrograms, or over 200 times the upper 
limit of normal, have been found only in myelo- 
cytic leukemia. 

Analysis of our 19 patients with myelocytic 
leukemia shows that 11 (cases 31-41) were cases 
of typical chronic myelocytic leukemia in fairly 
good balance with their disease. The blood 
histamine values of these patients ranged from 
29 and 32 in 2 whose peripheral white blood cell 
counts were under 20,000 per cubic millimeter to 
1,680 in 1 patient with a peripheral white blood 
cell count of 310,000. Up to 10 determinations 
during a month’s observation on 3 patients (cases 
31, 33, and 41) showed consistently elevated blood 
histamines of approximately the same levels as 
recorded in table 2. One patient (case 39) on 
whom histamine determinations were made before 
and after roentgenotherapy showed a drop in blood 
histamine roughly parallel to the drop in the 
peripheral white blood count. 

An attempt was made to correlate the blood 
histamine values of the 11 cases of chronic myelo- 
cytic leukemia with the number of specific granu- 
locytic cells in the peripheral blood. There was 
no correlation between the number of myeloblasts, 
myelocytes, metamyelocyt»s, eosinophiles, or baso- 
philes and the blood histamine. There was rough 
correlation between the total number of white 
blood cells, or the total cells of the granulocyte 
series, and blood histamine, in agreement with 
similar findings in the literature (table 4). 

TaBLeE 4.—Blood histamine and totai white blood counts in 


chronic myelocytic leukemia (excluding acute leukemia or 
acute exacerbations of chronic leukemia) 


Blood histamine 
| | 
| Determi- | 


White blood cells per cubic millimeter 


nations ! | 
| | Spread Average 
Micro- 

| | Micrograms/| grams/ 

| Number | 100 ce. 100 ce. 
6,000-20,000_ | 10 | 8-250 59 
101,000-200,000__ 8 | 35-1,000 320 
7 | 38-1, 700 526 
7 | 208-1, 680 845 


1 48 observations on 40 patients. 


In one of our cases reported previously (15) and 
now designated as case 48, the white cell count 
was 85,000, of which 79,000 were granulocytes, 
with 22 percent myeloblasts. The patient, a 35- 
year-old male, had a clinically acute leukemia, 
dying 2 months after the onset of symptoms. 
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and the histamine determination was made within 
2 weeks before his death.’ 

In the present series, 4 additional cases of acute 
mycloeytic leukemia were studied. The diagnosis 
of acute leukemia was based on the usual criteria 
of-short duration and rapid progress of the disease, 
absence of or minimal splenomegaly, severe anemia 
and thrombocytopenia, and large numbers of 
myeloblasts in the bone marrow. One of these 
cases (47) showed a blood histamine of 10 in the 
presence of a white blood cell count of 352,000, of 
which 50 percent were myelocytes and myelo- 
blasts. Another patient (case 45) with a subacute 
subleukemie myelocytic leukemia (substantiated 
by necropsy) was found on 2 occasions to have a 
blood histamine of 575 micrograms, although his 
white-blood-cell count varied between 8,000 and 
20,000. He ran a rapidly downhill clinical course. 
Blood histamine determinations within a week 
before death revealed values of 4 to 7 micrograms. 
One patient (case 46) had a blood histamine of 
200; he lived for 6 months after this finding, the 
longest survival period of the 5 patients with 
acute leukemia. 

Three cases of acute exacerbation of chronic 
myelocytic leukemia were also observed. One 
patient (case 43) had a blood histamine of 8.0 in 
the presence of a peripheral white-blood-cell count 
of 245,000, of which 43 percent were myelocytes 
and 44 percent were myeloblasts. He died 12 days 
after the histamine determination. Another 
patient (44) was also in a terminal acute exacerba- 
tion of his disease, with a peripheral white blood 
count of 210,000, with 11 and 7 percent myelocytes 
and myeloblasts, respectively, and a blood hista- 
mine of 5.0 micrograms. The third patient (42) 
died 2 months after determinations which showed 
that the blood histamine dropped from 53 to 20 
micrograms while the white cell count increased. 

As is apparent from table 2, 5 patients with 
myelocytic leukemia in whom the blood histamine 
was from 3.2 to 10 micrograms died within 3 weeks. 
Of 14 patients with blood histamine ranging from 
20 to 1,680, 6 are alive in follow-ups of 8 to 12 
months. Of the 8 who have died, 5 survived for 
6 to 15 months, and only 1 died in less than a 
month. 


’ The patient had been treated with Fowler’s solution. The addition of 
Fowler’s solution to blood samples before extraction for histamine does not 
affect the determinations. 


In addition to the 5 patients noted, 13 of the 
total of 45 cases of myelocytic leukemia in the 
literature or in the present series had histamine 
values between 11 and 100 micrograms. These 
would fall in the range of values occasionally seen 
in eosinophilia, bronchial asthma, and erythremia. 
Gingold (20) reported a case of a leukemoid reac- 
tion with a peripheral white blood count of 110,- 
000, of which 95 percent were granulocytes, in- 
cluding 12 percent metamyelocytes; the blood 
histamine was normal. 

One patient seen by us, a 42-year-old man with 
a clinical diagnosis of agnogenic myeloid meta- 
plasia, based on hepatomegaly and splenomegaly, 
and peripheral white blood counts of 15,000 to 
45,000 with 25 percent myelocytes in the presence 
of 2 bone-marrow aspirations and a sternal marrow 
biopsy, all of which showed marked hypoplasia 
of the marrow, had _ blood histamine 
ranging between 50 and 72 micrograms. 

There are insufficient data to indicate that blood 
histamine values up to 100 micrograms are of 
differential importance in the diagnosis of myelo- 
cytic leukemia. Values of blood histamine above 
100 micrograms, however, have been reported only 
in the presence of myelocytic leukemia and may 
be of considerable differential importance in indi- 
vidual cases. The findings in acute myelocytic 
leukemia or acute exacerbations of chronic myelo- 
eytic leukemia suggest that blood histamine may 
be of some prognostic importance. 


values 


DISCUSSION 


The presently accepted method of determining 
histamine in the blood involves extraction of the 
blood by methods which destroy other histamine- 
like agents, and the pharmacologic assay of the 
extract on a strip of guinea-pig intestine. The 
questior regarding the identity of the material in 
the blood as histamine was resolved by Code and 
Ing (21), who isolated and chemically identified 
histamine from the white-blood-cell layer of cen- 
trifugated rabbit blood. As Code and Ing state, 


“when the histamine equivalents of whole blood 
in abnormal conditions is followed, separate studies 
will be necessary to determine the nature of the 
active substance and its source in the blood.” 
The identical pharmacologic behavior of extracts 
of blood from myelocytic leukemia and normal 
individuals, following identical treatment of the 
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specimens, make it probable that histamine is the 
substance being studied in myelocytic leukemia. 
The criterion of Code and Ing (21), however, has 
not been met, and strictly speaking the findings 
in myelogenous leukemia should be attributed to 
a histaminelike agent. The localization of the 
histamine in myelocytic leukemia, as in normal 
blood, was shown by Shimkin et al. (75) to be in 
the granulocytes. The blood histamine in myelo- 
eytic leukemia is roughly related to the white 
blood cell count, as indicated in table 4, in which 
determinations in acute leukemia have not been 
included, but which does include repeated deter- 
minations on patients showing marked reduction 
in the white count following roentgen therapy. 
Following roentgenotherapy producing a marked 
reduction in the white blood count, there is a 
marked drop in the histamine of the blood as well 
(6,7, 14). Attempts to relate the histamine con- 
tent to specific granulocytic cell types have been 
unsuccessful. 

Despite the extremely high histamine levels in 
the whole blood of chronic myelocytic leukemia, 
the histamine content of the plasma is not mark- 
edly elevated (15, 16). There is no evidence that 
the excess histamine in the granulocytes is physio- 
logically active. The blood pressure of 13 non- 
febrile patients with myelocytic leukemia was 
compared with 15 lymphocytic leukemia patients 
of the same age groups; there was no significant 
difference in the blood pressures of the 2 groups, 
all being within normal limits. It is also known 
(23) that myelocytic leukemia patients do not 
have hyperchlorhydria. From the standpoint of 
the effect on blood pressure and on gastric acidity, 
therefore, the blood histamine in myelocytic 
leukemia does not appear to be physiologically 
available. Of course, tolerance to circulating 
histamine, either by chemical inactivation of the 
substance or by other homeostatic mechanisms, 
also must be considered. Thiersch (16), however, 
found no increase in blood histaminase in cases of 
myelocytic leukemia before and after treatment 
with roentgen rays. 

It must be confessed that the role and signifi- 
cance of extremely high blood histamine values in 
myelocytic leukemia is at present unknown. 
Particularly intriguing are the observations of low 
blood histamine in the presence of relatively high 
white blood counts in some patients with clinically 


acute myelocytic leukemia or acute exacerbations 
of chronic myelocytic leukemia. It might be 
postulated that high histamine values in chronic 
myelocytic leukemia are a manifestation of an 
attempted homeostatic mechanism, perhaps be- 
tween epinephrine and histamine, which in actue 
forms of the disease is seriously disturbed. Among 
the investigative approaches that suggested them- 
selves on the basis of this postulation were the 
study of epinephrine, as the physiological antago- 
nist of histamine, and its effects on blood histamine 
in myelocytic leukemia, and the study of the effect 
of antihistaminic drugs in myelocytic leukemia. 
Two preliminary experiments were performed. 


Errect oF EPINEPHRINE 


Two patients with typical chronic myelocytic 
leukemia were injected intravenously with 0.1 mg. 
of epinephrine in saline, the injection taking 5 to 
25 seconds. Determinations were made of the 
peripheral white blood count, whole blood hista- 
mine and histamine in the plasma, and blood 
pressure and pulse during the investigation. The 
results are presented in table 5. In both cases, 
there was a marked rise in the whole blood hista- 
mine, out of all proportion to the ephemeral rise 
in the white blood count. The histamine of the 
plasma, however, was but questionably affected, 
rising ephemerally from 6.6 to 8.7 in the first case 
and dropping from 11.5 to 5.8 in the second. 

In contrast, the blood histamine level in 2 cases 
of acute myelogenous leukemia fell from 3.4 to 1.1 
in the first patient and from 20 to 3.1 in the second 
30 minutes after the injection of epinephrine. 
Theoretical interpretation of these findings, on the 
basis of the limited number of observations, is 
considered premature. 

Staub (23) reported a rise in blood histamine in 
10 individuals following slow intravenous injection 
of 0.14 to 0.2 mg. of epinephrine; the blood hista- 
mine rose up to 13.4 micrograms, for an average of 
9.1 micrograms. The injection of 200 mg. of 
“antistin” (N-phenyl-N-benzyl-aminomethyl-imi- 
dazolin) 10 minutes before the epinephrine pre- 
vented the rise in blood histamine levels, although 
there was no definite effect on the blood pressure 
and pulse responses. Although the author reports 
that the histamine is released into the plasma, 
his prepinephrine values for “plasma” histamine 
(1.5 to 5.8 micrograms, average 3.4 micrograms) 
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TaBLe 5.—Effect of epinephrine on blood histamine 


Patient Sex Age Diagnosis 
Years 
MA F 27. Myeloeytic leukemia (chronic) 
ACH M 29 do 
RER M 42. Myelocytic leukemia (subacute) 
CDH M 25) Myelocytic leukemia (acute) 


Time after 


Histamine 
0.1 mg. White Blood 
epine- blood count pressure 
phrine Whole blood Plasma 
Micrograms/  Micrograms 
Minutes Number Mm./ Hg percent percent 
0 329, 000 100/74 392.0 6.6 
{ 1 290, 000 160/110 650.0 &.7 
| 12 355, 000 94/60 851.0 3:7 
32 271, 000 9S 64 1, 173.0 5.0 
0 60, 000 126/76 100.0 15 
| <1 200/110 127.0 
: 2.5 92, 000 165/90 175.0 9. 25 
| 15 45, 000 126/94 116.0 5.8 
Ho 56, 000 105/64 116.0 4.8 
0 8, 950 115/70 3.4 
| <i 180/100 
5 11, 650 140/80 
| 15 9,350 120/76 3.3 
30 8, 550 110,68 1.1 
0 6, 750 148/88 
| <i 210/104 
2.5 7, 850 166,84 15.0 
| 16 4, 250 14894 6.0 
30 4,850 138 90 3. 


are close to those reported for whole blood, and 
comparative determinations for whole blood were 
not given. 


EFFECT OF PYRIBENZAMINE 


Three patients with chronic myelocytic leukemia 
were placed on the antihistaminic drug, N'-pyridyl- 
N'-benzyl-N-dimethylathylene-diamine hydrochlo- 
ride (24),‘ to observe if this agent would affect the 
blood histamine levels and the clinical condition of 
the patients. The first, a 58-year-old male (case 
33) ingested 50 mg. 3 times a day for 16 days for a 
total of 2.35 gm. His white-blood-cell count rose 
steadily from 35,000 to 85,000 during the adminis- 
tration of pyribenzamine, while the blood hista- 
mine showed no consistent effect, varying between 
130 and 250 micrograms. There was progressive 
enlargement of the spleen and liver, and the 
patient died 6 days after pyribenzamine was dis- 
continued. The second patient, a 27-year-old 
female (case 41) received orally 50 mg. 4 times a 
day for 30 days, for a total of 5.9 gm. of pyribenza- 
mine. The blood histamine was not affected, 
averaging 500 micrograms with single fluctuations 
to 200 and to 800. The average white-blood-cell 


4 Pyribenzamine, Ciba. Kindly furnished by the Ciba Pharmaceutical 
Corporation, Summit, N. J. 


count fluctuated between 250,000 and 300,000 and 
rose to 400,000 at the end of the trial period. The 
spleen increased in size from 4 to 8 em. below the 
costal margin during the same time. The third 
patient (case 31) with chronic subleukemic mye- 
locytic leukemia was maintained on pyribenza- 
mine, 50 mg. 3 times a day for 16 days, without 
effect on the blood histamine or white cell count, 
nor upon the clinical condition. It is felt that no 
interpretation of these limited observations can 
be attempted at this time. 


SUMMARY 


Blood histamine is elevated, up to 50 micrograms 
per 100 ce., in patients with primary erythremia. 
Blood histamine is essentially normal in lympho- 
cytic and monocytic leukemias. 

Blood histamine in chronic myelocytic leukemia 
is raised to very high levels, up to 1,700 micro- 
grams per 100 ce., in comparison with normal 
blood histamine of 2 to 8.5 micrograms. There is 
a rough parallel between the white-blood-cell 
count and the level of blood histamine. 

Blood histamine in acute myelocytic leukemia, 
or acute exacerbations of chronic myelocytic 
leukemia, are often markedly lower than the levels 
found in chronic myelocytic leukemia. 
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DEHYDROPEPTIDASE ACTIVITY IN TUMORS! 


By Jesse P. GReeNsTEIN and Florence M. Leutuarpt, National Cancer Institute, National Institutes of Health, Public 
Health Service, Federal Security Agency 


The high capacity of several rat and mouse 
tumor extracts to hydrolyze glyeyldehydroalanine 
was first observed by Carter and Greenstein (1). 
In a recent study, Greenstein, Price, and Leu- 
thardt (2) noted that the capacity of primary rat 
hepatoma extracts to hydrolyze glycyldehydro- 
alanine and d/-alanyldehydroalanine con- 
siderably greater than that of normal liver ex- 
tracts, Whereas the capacity to hydrolyze glycyl- 
dehydrophenylalanine and N-methylglyeyldehy- 
droalanine was considerably less. This study 
has now been extended to other tumors. 


EXPERIMENTAL PROCEDURE 


The technique of measuring dehydropeptidase 
activity in aqueous tissue extracts has been 
described (2). The rat and mouse tumors em- 
ploved were those available in the National Cancer 
Institute and were donated by Drs. J. White, H. 
P. Morris, A. B. Eschenbrenner, A. J. Dalton, G. 
H. Algire, W. E. Heston, and M. Belkin. The 
digests were composed of 1 cc. aqueous tissue ex- 
tract, 2 cc. of 0.15M borate buffer at pH 8.1, and 
1 ec. of 0.025M substrate solution in water. In 
the ease of dl-alanyldehydroalanine a 0.050M 
solution was employed. Appropriate extract and 
substrate blanks were used in all instances. En- 
zymatic activity was expressed in terms of micro- 
moles ammonia N10 which appeared through 
hydrolysis of the substrate, per hour, per milligram 
total N in the 1 ce. of extract used. The data are 
given in table 1. Included are results on rat 
liver, kidney, and primary hepatoma previously 
described (2). For purposes of comparison, data 
on mouse kidney and liver have been included in 
the table. Variations between individual samples 
of tissues amounted to +15 percent. 


DISCUSSION 


All the tumors studied hydrolyze alanyldehy- 
droalanine at a high rate which approximates that 
of kidney, the most active of normal tissues. These 
tumors also hydrolyze glycyldehydroalanine at a 


' Received for publication September 20, 1948. 


TaBLe 1.—Hydrolysis rates of dehydropeptides in rat and 
mouse tissue ertracts 


MicromolesX 10 ammonia N per hour per 
milligram total N from— 


Tissue 
dehydro- pheayh dehydro- 
alanine alanine | alanine alanine 
Rat: | 
Kidney............ (2) 1, 629 800 520 1,359 
69 25 12 1s) 
Primary hepatoma_-- (2) 380 10 0} 1,250 
Transplanted 2226! __._____- 400 2) 0 1,59) 
Transplanted 16432. 300 10 0 1,109 
Transplanted sarcoma. 384 0 0 1,152 
Mouse: 
1, 800 990 409 1,699 
60 14 259 
Transplanted hepatoma 98/15 429 11 0 1, 649 
Transplanted hepatoma 112B 470 18 0 1, 259 
Transplanted thymoma 380 19 0 1, 180 
Transplanted melanoma. -- 209 10 10 1, 200 
Transplanted CR 180___ 129 12 20 1,200 
Transplanted mammary tu- 
400 2) 10 
Spontaneous mammary tu- 
690 12 10 


! Carcinoma (3). 
? Mixed tumor (3). 


relatively fast rate, which is not so high as that 
of kidney but is generally considerably higher than 
that of liver. On the other hand, the capacity of 
all the tumors studied to hydrolyze glyeyldehy- 
drophenylalanine and N-methylglycyldehydroala- 
nine, if not completely absent, is relatively neg- 
ligible. 

Comparison of liver and hepatoma in both rats 
and mice reveals that as a result of the malignant 
transformation of liver the capacity to hydrolyze 
alanyldehydroalanine glycyldehydroalanine 
increases considerably, whereas the capacity to 
hydrolyze glyeyldehydrophenylalanine and N- 
methylglycyldehydroalanine is either little affected 
or else disappears. On the basis of these and other 
observations (2), it was suggested that several 
dehydropeptidases may exist in tissues. 

From the earlier observations of Carter and 
ireenstein (1) and from the present studies, it may 
be concluded that so far as we have gone, the 
relatively high dehydropeptidase activity of tu- 
mors toward alanyldehydroalanine appears to be 
nearly characteristic of this class of tissues (2). 
Whether tumors from other species will be equally 
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effective toward this substrate or whether other 

dehydropeptides will be even more susceptible re- 
mains for future investigation. 
SUMMARY 

The rates of hydrolysis of glyeyldehydroalanine, 

N-methylglyeyldehydroalanine, — glyeyldehydro- 

phenylalanine, and d/-alanyldehydroalanine in 

aqueous extracts of various mouse and rat tumors 


REFERE 


(1) Carrer, C. E., and Greenstein, J. P.: Speetrophoto- 
metrie determination of dehydropeptidase activity 
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Inst. 7: 51-56 (1946). 

(2) GreensteIN, J. P., Price, V. E., and Leutuarpt, 
F. M.: Studies on the possible multiple nature of 


were determined. The hydrolysis rate for alanyl- 
dehydroalanine was very high, and of the same 
order of magnitude as that of kidney, the most 
active normal tissue. The rate for glveyldehydro- 
alanine was also high, but not as high as that for 
alanyldehydroalanine. On the other hand, the 
hydrolysis rate in tumors for glyeyldehydrophenyl- 
alanine and for N-methylglycyldehydroalanine was 
relatively small if not negligible. 

NCES 
dehydropeptidase I. J. Biol. Chem. 175: 953-962 
(1948). 

(3) Morris, H. P., Dunn, T. B.. and Dupnik, C. S.: 
Two transplantable rat carcinomas induced by N- 
acetyl-2-aminofluorene. J. Nat. Cancer Inst. 9: 
225-228 (1948). 
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CARBAMATES IN THE CHEMOTHERAPY OF LEUKEMIA. 


BETWEEN CHEMICAL STRUCTURE AND ANTI-LEUKEMIC ACTION OF A SERIES OF 
URETHAN DERIVATIVES ! 


Ill. THE RELATIONSHIP 


By Howarp FE. Skipper and Cari E. Bryan, Biochemistry Division, Southern Research Institute, Birmingham, Ala. 2 


INTRODUCTION 


Flory et al. (7) have shown that life span in 
transmitted mouse leukemia offers a good means 
of investigating the therapeutic action of chemical 
and physical agents on leukemic cells. Furth, 
Ferris, and Reznikoff (2) reported that leukemia 
in mice is very similar to that in man and that the 
leukemic-histological picture is identical in the 
two species. It is also interesting to note that 
the response to X-rays and certain chemothera- 
peutic agents, i. e., benzene, nitrogen mustards, 
urethan, is similar in the mouse and man (/).° 

Temporary clinical remissions have been re- 
ported on the use of urethan in treatment of 
leukemia (3-9), metastatic anaplastic carcinoma 
(10), and prostatic carcinoma (171). 

Palliative effects have also been observed on 
administration of urethan to mice and rats with 
spontaneous and transmitted leukemias (13-21). 

An earlier paper from this laboratory described 
the relationship between chemical structure, leu- 
kopenic action, and acute toxicity of a group of 
urethan derivatives (14). The present data are 
the result of efforts to produce more effective 
carbamates with regard to anti-leukemic action 
by altering the molecular structure of the parent 
urethan. This work was also designed to give 
results which could be compared with the previous- 
ly reported leukopenic assay data in hope of re- 
lating the two activities. Finally, it was hoped 
that information on the biochemical mechanism 
of the anti-leukemie action of urethan could be 
gained by stepwise variation in the parent mole- 
cule followed by assays for ability to increase 
survival time of leukemic mice. 


' Received for publication September 27, 1948. 

? The work described in this paper was supported in part by the American 
Cancer Society, on recommendation of the Committee on Growth, Ben May, 
Mobile, Ala., and Southern Research Institute. The authors gratefully 
acknowledge the technical assistance of Mrs. Anne S. White, Mrs. Juanita 
B. Chapman, and Miss Martelia Bell. 

' Burchenal, J. H.: Personal communication; and unpublished work, this 
laboratory. 


EXPERIMENTAL PROCEDURE 


The procedure for screening compounds for anti- 
leukemic activity used in this study is in principle 
that of Flory et al. (1) with certain modifications 
suggested by Burchenal.* 

The inbred mice employed were of the Akm 
strain. The strain of leukemia transmitted in all 
cases was myeloid chloroleukemia 1394. Flory 
et al. (7), in whose laboratory this leukemia arose, 
stated that this strain was— 
derived from a mouse of the Ak stock that had been irradi- 
ated at the age of six months with 235 r. Ten months 
later, the spleen, lymph nodes, and liver of the animal 
were greatly enlarged. All lymph nodes were light green. - 
The blood-forming organs were heavily infiltrated by 
myeloblasts and oxidase-positive promyelocytes. The 
disease, produced by transmission was invariably chronic, 
although the virulence of the strain was moderately en- 
hanced by successive passages. 

In the usual assay, 100 Akm mice were injected 
intraperitoneally with 0.1 ce. of leukemic spleen 
brei. The diluent used in this cell suspension was 
Tyrode’s solution. About 1,000,000 cells were 
injected into each mouse. Three days later, 
these mice were broken into 10 groups of 10 mice 
each; 1 group was retained as an untreated con- 
trol, another group was treated with an agent of 
known anti-leukemic activity (methyl bis- 
(8-chloroethyl)amine or urethan). The remain- 
ing 8 groups of mice were treated at the maximum 
tolerated dose of the candidate compounds. 
Treatment was begun 3 days after injection of the 
leukemic cell suspension and consisted of 3 intra- 
peritoneal injections weekly of the candidate drug 
for a total of 10 injections. Accurate records 
were kept as to time of death of each animal and 
leukemic symptoms on autopsy. 

Results of the assays have been reported in 
terms of increase in average life span of treated 
over untreated controls. In a few cases where 
animals live far beyond the average life span of 


‘ Burchenal, J. H.: Personal communication. 
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the treated and untreated controls, experiments 
have been arbitrarily terminated at $0 days. 
These survivors were not used in determination of 
life span but do appear in the data under the 
heading 90-Day Survival. i 

As in previous studies, the plan for variation of 
the basic urethan molecule was as follows: 


OC3Hs OR; 
H R 
N N 
H 
Urethan Substituticn mede! 


(1) Variation of R,;; Roa=R,=H. 

(2) Variation of R.; R,=C.H;: R,=H. 

(3) Variation of R, and R,; R,=C:;H;. 

(4) Substitution of 5 for O in the molecule. 

The urethan derivatives studied in the present 
work are listed in table 1. Compounds 2, 3, 4, 5, 
6, 12, 14, 22, 23, and 24 were obtained from 
Eastman Kodak Co. Compounds 7, 9, 160, 11, 
13, 15, 16, 18, 19, and 21 were prepared in this 
laboratory by the action of ethyl chlorocarbomate 
on the corresponding amines. 

Ethyl N-8-chloroethyvlearbamate (compound 8) 
and ethyl N.N-bis(8-chloroethyl)carbamate (com- 
pound 20) were new compounds. Data with 
reference to chemical and physical constants have 
recently been reported (14). 


COMPOUND 


Methy! carbamate 
n-Propy! carbamate 
n-Butyl carbamate 
Ethyl-N-methylearbamate 
Ethyl N-ethylearbamate 
Ethyl-N-hydroxyethylcearbamate 
Ethyl-N-8-chloroethylearbamate 
Ethyl-N-n-propylearbamate 
Ethyl] N-allylearbamate 
Ethyl N-isopropylearbamate 
Ethyl N-n-butylearbamate 
Ethyl N-phenylearbamate x 
Ethyl N-m-chlorophenylearbama ate 
N-Carbethox ymorpholine x 
Ethyl N,N-diethylearbamate 
Ethyl N,N-bis(6-chloroethyl) carbamate 
Ethyl N,N-dipropylearbamate 
Ethyl N,N-dibutylearbamate 
Ethyl N-ethyl-N-phenylearbamate 
Ethy! N,N-diphenylearbamate x 
Ethyl N-phenyl-N-be nzylearbamate x 
Ethyl thioncarbamate x 
Ethyl N-ethylthioncarbamate 
Ethyl N-phenylthioncarbamate 
thy] thiolearbamate 

Ethyl N-carbethoxycarbamate.. 
Ethy] 1,2-propylenedicarbamate x 


xX 


xX 


aks 
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Ethyl thioncarbamate (compound 25), ethyl 
N-ethylthioncarbamate (compound 26), and ethy| 
N-phenylthioncarbamate (compound 27) were 
prepared for us by Sharples Chemicals, Ine. 
Methyl bis(8-chloroethylamine was furnished us 
by the Sloan-Kettering Institute. Certain other 
chemicals employed were commercial samples. 


RESULTS 


Data on survival time of groups of leukemic 
mice receiving injections of various carbamates 
are presented in table 1. All results are reported 
in terms of percentage increase in life span of 
the treated over controls and survival data as of 
90 days. The average weight gain of groups of 
10 mice at the end of 2 weeks of teatment as well 
as dosages employed are also given. The aver- 
age survival time of the 10 control groups of 10 
mice each used in this experiment was 24.4 witha 
range of 19-30 days. This variation in the con- 
trol populations makes statistical analysis diffi- 
cult and makes it necessary to refer each result 
to a control run at the same time as the candidate 
compound in question. 

For further comparison, the results of the 
various treatments are presented with relation to 
simultaneously run urethan-treated groups in 
Chart 1. 


Ure- 
than 


0.2 


Cuart 1.—Relative chemotherapeutic index (RCI) of a series of carbamates using urethan as 


0.6 OS 1.0 1.2 24 


a standard of reference 
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thy] TaBLe 1.—Effects of a series of carbamates on the life span of mice with transmitted chloroleukemia 1394 
thyl 
vere life span, 9-day survival 3 Average 
Ine. No Compound Structure Dosage Vehicle 
treated over 2 weeks 
l us controls 2 Treated | Control 
OCH 
hy Mo./ka. Per-ent Grams 
1 ethyl carbamate 500 Isotonie saline 0/10 0/10 +2.6 
NH, 
79.4 210 og +.1 
‘mic 50.0 0/10 0/10 
2° Ethyl carbamate (urethan) o=C 450) 43.0 o/10 1/10 -.3 
ates 45.8 0/10 1/10 -.3 
rted 46.3 0/10 0/10 +1.2 
1 of OC.H- 

Ss of 3. n-Propyl carbamate. 259 do : 0 
s of NH; 
well OC He 
Ver- n-Butyl carbamate o=C 60.7 Propylene glycol. ____- —110 010 +.7 
f 10 NH; 
tha 
con- Ethyl N-methylearbamate o=C CH 257.5 Isotonie saline 2.0 ow 010 
liffi- 
sult H 
date OCH; 

Ethyl O=C CoH: 250) do 25.0 2m 1.8 

the 
nh to H 
; in OCH; 

o=C CLH,OH 385.7 Isotenic saline 5. O10 910 
N 
H 
OCH; 
o=C C H.C! 137.5 Peanut off... 3.0 0/10 oy +1.4 
N 
H 
OCH; 
o=C C3H: 57 Propylene glycol. ____- | 0/10 1/10 —1.8 
H 
OCH; 
10 Ethyl CH,CH=C H; 106 do_.. —3.3 1/10 2/10 -1.0 
N 
H 
CH; 
It Ethyl N-isopropylearbamate_. —-1.3 3/10 2/10 —.6 

— \ 

24 N CH; 

rence H 


See footnotes at end of table 
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TABLE 1.—Effect of a series of carbamates on the life span of mice with transmitted chloroleukemia 1894—Continued 


No. Compound ! 


12. Ethyl N-n-butylearbamate oO 


14 Ethyl N-phenylearbamate 


16) «Ethyl N-m-chlorophenylearbamate 


Is) N-Carbethoxymorpholine 


19 Ethyl N,N-diethylearbamate 


oO 
2% Ethyl N,N-bis(@-chloroethyl) carb- 
amate. 
oO 
21. Ethyl N,N-dipropylearbamate 
oO 
22. Ethyl N,N-dibutylearbamate 
oO 
~Ethyl N-ethyl-N-phenylearbamate 
oO 
24. «Ethyl N,N-diphenylearbamate 
oO 
25 Ethyl N-phenyl-N-benzylearbamate 
oO 


See footnotes at end of table 


Structure 


OC Hs 
C Hy 
N 
H 
OC Hs 
( C Hs 
N 
H 
OC Hs 


C.H,Cl¢m) 
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Leukemic 
life span, 
average 
increase 
treated over 
controls 2 


Dosage Vehicle 


Mg./ka. 


64.3 Peanut oil 
A) Propylene glycol 3.7 
450 Peanut oil 23.3 
33s do 13.2 
25 Propylene glycol —23.0 
| 72 0 
do —10.2 
275 Peanut oil : 27.0 
ll Propylene glycol. 3.0 
171 Peanut oil 7.0 
262.5 Gum acacia 10.1 
469 Peanut oil 91 


90-day survival 


Treated 


0/10 


1,10 


110 


310 


10 


Control 


1/10 


1,10 


110 


O10 
2/10 


Average 
weight 
gain at 
2 weeks 


Grams 


497 
“4 
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+1.5 


26 


C 
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2 
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H 
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OC Hs 
; O7 —2.1 
110 210 -.7 34 
N 
C,H.Cl 
210 
OC Hs 
N 
C 
OC Hs 
: 010 +2.3 
110 —2.0) 3 Os 
N 
C He | 
1/9 110 
OC 
Cc C Hs 
N 
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Tasie 1.—Effect of a series of carbamates on the life span of mice with transmitted chloroleukemia 1394—Continued 


Leukemic 
life span, | day survival | Average 
average ew _ weight 


No. Compound Structure Dosage Vehicle increase gain at 

treated over | 2 weeks 
controls 2 Treated | Control 


Mg./kq. Percent Grams 
26 | Ethyl OC Hs 6, Gum acacia 1.0 0/10 oy +1.3 
s=C H 
N 
H 
Ethyl N-ethylthioncarbamate - -_------ OC Hs 18.7 0/10 1/10 | 
N 
H 
28 Ethyl N-phenylthioncarbamate ------ OCH; 
CsHs 200 | Peanut 57.0 0/10 0/10 +1.7 
x 20 Propylene glycol. 16.1 3/10 2/10 +1.3 
H 
29 «Ethyl thiolearbamate SC oH; 
4g (Gum acacia —8.8 3/10 2/10 —3.3 
H ’ 
32. Ethyl N-carbethoxycarbamate (Aza OC 1.0 3/10 2/10 +2.3 
malonic ester). 
o=C 
NH | 
o=C 
OC.Hs 
34 Ethyl! 1,2-propylenedicarbamate -- OC 114. Propylene glycol__--- 9.6 0/10 0/10 —0.2 
O= 
NH 
CH 
C—CH; 
NH 
o=C 
OC 
35 Sodium diethyldithionearbamate - - --_-- 2.3 0/10 0/10 
N—C—S— [Na 
% hydrate Cl OH 125 Isotonic saline 3.2 0/10 0/10 +2.9 
ci—C—C—OH 
ci oH 


| The same numbering of compounds used in the earlier paper (14) was used in this table to facilitate comparison of data. The fact that certain compounds 
sayed for toxicity and leukopenic action were not assayed for anti-leukemic action accounts for the omission of 2 compounds in the present paper. 

i Experiments were terminated 90 days after inoculation with the leukemic-spleen-cell suspension. Mice living the full 90 days after inoculation were not 
wd in calculation of life span but appear in the survival column. Hence the value of a treatment is indicated by life-span and survival data. 

Survival of both the treated and control mice as of 90 days is given. Since a number of assays were carried out simultaneously, the same control groups 
ee often utilized for a number of candidate compounds. As will be noted, most control animals died; however, in 1 experiment 2 controls failed to die, and 
22other experiments, 1 control mouse failed to die. 

‘ Injections. 
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DISCUSSION 


It appears fairly clear from the data presented 
in table 1 that urethan (ethyl carbamate) is a very 
specific compound and that changes in almost 
any moiety of the molecule are likely to negate 
its anti-leukemic action (at least for the strain of 
mouse leukemia employed herein). Considering 
again the urethan structure and the modifications 
studied, 


Oc oH OR 
N N 
H R 
Urethan Substitution model 


the following effects of changes in chemical struc- 
ture on anti-leukemic action were noted: 

(1) Changes in the ethyl group, R,;, destroyed 
the anti-leukemic action of urethan. The methyl, 
n-propyl, and n-butyl carbamates were assayed 
and found to be ineffective in prolonging life span 
of mice with myeloid chloroleukemia 1394. Pre- 
vious studies had indicated that such changes 
largely removed the leukopenic action of urethan 
(14). 

2) Monalkyl and aryl substitutions at the 
nitrogen (R» or R;) have also resulted in loss of 
anti-leukemic action. In studying the effects of 
this series of compounds, ethyl N-methyl, ethyl 
N-ethyl, ethyl N-n-propyl, ethyl N-allyl, ethyl 
N-isopropyl, ethyl N-n-butyl, ethyl N-hydroxy- 
ethyl, and ethyl N-8-chloroethyl carbamate, as 
well as ethyl N-phenyl and ethyl N-m-chloro- 
phenylearbamate were assayed. None of these 
compounds possessed the anti-leukemic activity 
of urethan. 

(3) The N,N-disubstituted ethyl carbamates, 
some of which were shown to be strongly leuko- 
penic (14), failed to inerease significantly the life 
span of mice with chloroleukemia 1394. The 
N,N-diethyl, -dipropyl, -dibutyl, -di(8-chloro- 
ethyl), and -diphenylurethan, as well as ethyl 
N-ethyl-N-pbenyl, and ethyl N-phenyl-N-benzyl- 
carbamate were assayed by the screening pro- 
cedure described in this report. 

(4) The introduction of a sulfvr atom in place 


of an oxygen atom in the several ethyl carbamates 
indicated in table 1 resulted in compounds with 
no apparent anti-leukemic action except perhaps 
in the case of ethyl N-phenylthioncarbamate. 
The results with this latter agent were irregular, 
Ethyl thionearbamate, ethyl N-ethylthionear- 
bamate, ethyl N-phenylthioncarbamate, and ethyl 
thiolearbamate were the sulfur substitution com- 
pounds studied. 

The fact that a number of carbamates were 
demonstrated to lower the total white blood count 
in rormal mice but failed to increase life span of 
mice with a given strain of leukemia is of consider- 
able interest. The N,N-dialkyl carbamates as 
well as ethyl N-methylearbamate are examples 
of compounds with leukopenic, but no anti- 
leukemic action (14). This lack of correlation 
between leukopenic and anti-leukemic response 
might suggest that the primary action of urethan 
is upon the differentiation processes rather than 
the growth mechanisms to such an extent that 
the two are separable. The carcinogenetic spe- 
cificity of the urethan structure observed by Larsen 
(22, 23, 24) and the suggestive morphologic 
changes in Walker carcinoma resulting from ure- 
than therapy, reported by Haddow and Sexton 
(25), could be considered in support of this state- 
ment. 

The cyanates assayed in this study were previ- 
ously suggested as possible active urethan meta- 
bolites. Neither potassium cyanate nor potassi- 
um thiocyanate showed significant anti-leukemic 
action. 


SUMMARY 


Urethan appears to be a highly specific molecule 
with regard to anti-leukemic action. Changes in 
the ester group, mono- or disubstitution at the 
nitrogen, or substitution of S for the carbonyl or 
the ethoxy oxygen, all appear to destroy or 


lessen the anti-leukemic action of urethan for a 
given strain of mouse leukemia. 

There appears to be no correlation between 
leukopenic action of ethyl carbamates as observed 
in normal mice and anti-leukemic action against 
transmitted myeloid chloroleukemia 1394. 
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A STUDY OF THE COLON OF APPARENTLY WELL WOMEN ! 


By Marie Ortmayer, M. D., and Marir Connie .ty, M. D., Cancer Prevention Center, Inc., Women and Children’s Hospital, 
Chicago 


Recent survey studies of the gastrointestinal 
tract carried on in large numbers of well adults 
with the object of finding unsuspected cancer have 
been confined to the stomach. Vital statistics of 
the United States call attention to the relative 
frequency of deaths from gastric and colon carci- 
noma (/). In 1944 carcinoma of the stomach ac- 
counted for 19.3 percent, the intestine for 22.5 
percent of deaths. Malignancy of the rectum and 
sigmoid may have accounted for about 14 percent 
of deaths. Since gastric carcinoma is 3 or 4 times 
as frequent in men as in women and rectal and 
sigmoidal less than twice as frequent,’ the con- 
clusion was reached that deaths per year from colon 
and stomach cancer would about equal each other 
in women in the United States (2, 3), estimated as 
close to 10,000 a vear each. 

The Cancer Prevention Center, in the Women 
and Children’s Hospital of Chicago, admits only 
women who consider themselves well and who 
have no symptoms suggesting that they probably 
have cancer. 

This paper reports the statistical findings ob- 
tained from a special examination of the colon in 
1,014 of these women. In addition to the usual 
history, physical, laboratory, and chest X-ray 
examinations, sigmoidoscopic and roentgenologic 
examinations of the colon were offered. In the 
period between April 1945 and November 1946 
about one-third of the women availed themselves 
of the opportunity. 

The proctosigmoidoscopic and roentgenologic 
examinations were completed on two separate 
days, so that air entering the bowel through the 
sigmoidoscope (a common occurrence with or with- 
out bulb inflation) might not interfere with the 
fluoroscopic barium enema and contrast film study. 
Identical preparation for each required, 
Weber’s technique having been modified as follows: 

(1) Take 2 ounces castor oil at 2 p. m. the day before 
the appointment. 

(2) Take 2 quarts warm water enema the morning of 
the appointment. 


‘ Received for publication September 28, 1948. 
? Recent figures give the ratio of men:women as 3:2. 


(3) After the castor oil, take only the following foods 
(eat frequently and as often as you wish and are hungry): 
Water, milk, tea, or coffee, with or without sugar and 
cream. Strained fruit juices. Strained soups, ginger ale, or 
other drinks. Plain or salted soda crackers, butter, oleo. 
Plain jellies without seeds or skins. Plain ice cream, plain 
candies. No nuts. 

(4) Report at 7 p. m. on Date _- 


This preparation, in a high percentage of cases, 
produced a bowel mucosa free of stool and excess 
secretions. It is obvious that small tumors will be 
missed by the sigmoidoscopic method if the bowel 
is cluttered with irremovable or excessive watery 
residues and that fecaliths, excess gas, and fluids 
interfere with the X-ray interpretations. 

Since the finding of carcinoma or its possible. 
precursors was the subject of the study for which 
the grant was given,® the polyps * found by X-ray 
examination and proctosigmoidoscopy will be first 
reviewed. In the 1,014 patients, only 2 such 
tumors were diagnosed by the roentgen method; 
1 low in the ampulla, which had been seen 
previously at proctoscopy, and the other in the 
transverse colon, for which the patient has not 
been explored to date. This latter patient also 
harbored a benign polyp found by sigmoidoscope 
at the 15 em. height. 

Polyps originating between the anal crypts and 
the external anal ring were found in 5 patients. 
Obviously, neither X-ray nor sigmoidoscopy were 
needed to find these, because they were either 
seen in the anal ring or were readily palpated and 
usually could be delivered externally with or 
without the effort of bearing down by the patient. 
The polyps were narrowly or broadly peduncu- 
lated and were not recognized as hemorrhoids or 
enlarged papillae. From 4 of these anal ring 
polyps. specimens were removed by biopsy for- 
ceps for histological examination. They were 
covered by modified squamous epithelium and 
were totally benign. No other lesions even sus- 
picious of carcinoma were seen in the anal ring 

3 Grant No. 224, National Cancer Institute. 
4 Throughout this report, the word “polyp’’ is used in the accepted clinical 


sense, as referring to an intraluminal localized projection, sessile or peduncu- 
lated, not belonging to the normal anatomical pattern. 
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canals of these 1,014 women. This is not re- 
markable as it is well known that squamous cell 
carcinoma of the anal canal and anus is a rare 
bowel malignancy. 

In an earlier paper (4), a detailed report was 
given by one of us on the 19 polyps found at proc- 
tosigmoidoscopy above the anal papillae in 18 
patients. Further discussion of these interesting 
small tumors will be devoted to their bearing on 
statistical findings. 

Statistically, the discovery of only 2 polyps by 
X-ray examination of the colon in 2 patients out of 
the 1,014 well women gives an incidence so low as 
to be insignificant. We can say that the routine 
use of barium enema in the apparently well female 
population of the ages averaged in our study, is 
scarcely worth the time, inconvenience, and ex- 
pense. Based on relative incidence of carcinoma 
and other tumors in various sections of the colon 
(5), one would expect to find more lesions in the 
caecum, ascending, descending, and transverse 
colon. If they were present, they eluded the 
X-ray method. 

Fortunately, a considerable proportion of the 
tumors of the colon (figures vary from 60 to 80 
percent) lie in the lower sigmoid and rectum ac- 
cessible to the 25 em. sigmoidoscope. It is note- 
worthy that all 19 of the polyps picked up by us 
by this method were seen below the 20 cm. 
height. It is important to stress that they all 
were under 1 cm. in size. Diagnoses were based 
upon biopsies taken from each. One of these 
very small polyps was definitely carcinoma, 3 were 
totally benign, 8 were probably benign, and 7 
were partly carcinomaious and partly benign 
(namely, early preinvasive carcinoma, or carcinoma 
in situ). Even though pathologists do not agree 
in the diagnoses on sections of these polyps, as 
was clearly brought out in the earlier paper (4), 
it is desirable to insist on biopsies or, better still, 
total excision. It is the clinical impression of 
most proctologists that benign colon polyps of the 
adenomatous variety are precursors of malignancy. 
This conception should eventually be proved cor- 
rect or incorrect. The finding of rectal polyps in 
1.8 percent of well women points to the desirability 
of routine sigmoidoscopy. 

That there is no choice, other than io use the 
sigmoidoscope, if one wisbes to find such growths 
early, is made clear by two facts. First, none of 


us found these tiny growths by the digital rectal 
examination, noi even after we knew they were 
there. Most of the polyps (16 of them) were 
situated below the 15 em. height, and, therefore, 
were within reach of the palpating finger. They 
were, however, too small and too soft to be telt. 
This was as true of the frank carcinoma as of the 
suspicious and benign lesions. The second fact 
embraces all the statistical evidence gathered in 
the study,’ a discussion of which follows. 

The clinical information on the 1,014 patients 
was recorded on a coded form adapted to the 
Hollerith punched ecard. Since only one such 
form for use in clinical medicine had been pub- 
lished (6) when this study was begun, it was 
necessary to develop a form suited to our use. 
For the sake of clarity, it is included in this paper. 

Considerable information was secured on all 
patients. Our forms, set up as they were with 
identification numbers; clinical and subjective 
information on the first page (items 1-30); proc- 
toscopic (31-49) and roentgenoscopic information 
(50-64) on the second page; and final diagnosis 
(65-80 combined proctoscopic and roentgen obser- 
vations) on the third page served us well. Items 
1-29 were recorded by specially trained nurses. 
From the written reports of assistant physicians 
who used ordinary forms for recording physical 
examinations, sigmoidoscopic, roentgenoscopic, 
and histologic findings, the authors quickly 
checked the observations onto the coded forms. 
Thus, a complete clinical impression and diagnosis 
on each patient was more readily gained than 
would have been possible by perusal of the bulkier 
records commonly used in the charting of findings. 
This coded information was machine punched onto 
Hollerith cards. These cards, one for each 
patient, were machine tabulated and checked to 
secure figures for statistical uses.° 

Since the object of the study was to secure in- 
formation which might serve as a possible guide 
to select from apparently well women those who 
might harbor cancer of the colon or its precursors, 
the statistical figures are interesting. No impor- 
tant or even moderately large correlation was 
found in women with polyp of the colon that was 


5 The authors wish to express their appreciation to Dr. H. D. Landahl, a 
sistant professor of mathematical biophysics, Department of Physiology, 
University of Chicago, for assistance with the handling of data and the 
statistical evaluations. 

6 International Business Machines, Service Department, Chicago Branch. 
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COLON STUDY (Att Femate) 
(Data adapted to punched card system) q 
’ 
14 Unit number in Cancer Prevention 21 Chi inge ~ Peete Function (Within the 26 | Loss of Weight—Continued a 
5-8 | Colon Study xO | 8 33 Ibs. or over 
9-10 | Age (record in years at last birthday) — 0 0 none 90 
11-13 | Weig ht (stripped) (record in ne arest full 1 © constipation, not needing catharsis or 27 | Gain In Weight (Within the Past Year) 
Ib | enemata | x = unrecorded 
14-15 | Heig ht (record in nearest whole number of 2 02 constipation, needing catharsis or 00 none 
inches) - } enemata | 1 © less than 3 Ibs. 
16 | Past History of Operations | 3 0 diarrhoea 2 0 3to7 Ibs. 
x © unrecorded 4 © diarrhoea & constipation, not needing 3 0 8 to 12 Ibs. 
0 02 none | catharsis or enemata | 40 13tol7 Ibs. 
| 1 © abdominal (includes pelvic 5 0 diarrhoea & constipation, needing 5 2 18 to 22 Ibs. 
| 20 rectal catharsis or enemata 6 0 23 to 27 lbs 
| 3 O abdominal and rectal 160 7 - 28 to 32 Ibs 
4 others, not abdominal or rectal 22 Pain On, Before, During or Following | § 2) 33 Ibs. or over 
5 © abdominal and others | Defeeation 90 
| 6 © rectal and others | x O unrecorded 28 | Vomiting 
7 © abdominal and rectal and others | 0 © none | x © unrecorded : 
8 | 1 abdominal | 00 none 
17 | History of Cancer in Family 2 2 rectal or sacral | 1 © present 
x © unrecordec | 3 O abdominal « rectal or sacral ;20 
0 2 none 140 29 | Weakness 
1 9 unknown 23 | Pain Unrelated to Defecation | x © unrecorded 
2 present in father or in father’s family x © unrecorded VU 2 not present 
3 0 present in mother or in mother’s | 0 02 none | 1 © present, with onset in past year, but 
| family | 1 2 abdominal | not progressive 
4 © present in both father’s and mother's 2 0 rectal or sacral | 20 present, with onset in past year, 
family | 3 0 abdominal & rectal or sacral | progressive 
5 © present in own brothers or sisters 140 | 3 0 present, with onset prior to past year, 
) © present in own brothers and sisters 24 | Hemorrhoids, Felt or Seen By the Patient but not progressive 
| and in father’s family x 0 unrecorded | 4 2 present, with onset prior to past year, 
7 © present in own brothers & sisters & in 0 2 none noted progressive 
| mother’s family 1 © present less than one year | 5 © present, with onset unrecorded, but 
8 2 present in both fathers & mother’s 2 0 present one year but less than two | not progressive 
| family & own brothers « sisters years | 6 © present, with onset unrecorded, pro : 
19-0 3 © present two or three years gressive a 
18 | Symptoms (Subjective) 4 © present four or five years 7 0 present, with onset in past year, : 
x © unrecorded 5 © present six years or over unrecorded as to progression 
0 © none 8 2 present, with onset prior to past year, 
1 © present 25 y? ae il “*Mass’’, Noted By Patient unrecorded as to progression 
2 x 2 unrecorded 90 
19 Rectal Bleeding 0 0 none 30 | Tumor Palpated at Physical Examination 
x © unrecorded O present x © unrecorded 
0 © none O 0 © none 
1 © present 26 ass of Weight (Within Past Year) } within the abdomen 
unrecorded © within the pelvis 
20 | Rectal Discharge, Other Than Bleeding O none ) within the rectum 


2 
I 
x © unrecorded 
0 2 none 

1 pus 

2 0 mucus 

3 © pus & mucus 
4 


2 less than 3 ibs 
3to7 Ibs. 

0 8 to 12 Ibs. 
0 13 to 17 ths. 
18 to 22 Ibs. 
23 to 27 Ibs. 


Cue OF 


) within the abdomen & pelvis 
© within the abdomen & rectum 
> within the pelvis & rectum 
> within the abdomen, pelvis & rectum 


PRocTOSIGMOIDOSCOPIC EXAMINATION 


31 | Tumor, Seen at the Anus 
x unrecorded 
0 © none 


1 © resembles hemorrhoids 
2 © other than hemorrhoids 
© hemorrhoids and other than hemor- 
rhoids 

32-33 | Distance Reached in Cms. 
yy © examination not made 
xx © unrecorded 
34 | Tumorous Lesions 
unrecorded 
none 
one tumor, probably benign 
one tumor, probably malignant 
é one tumor, uncertain if benign or 
malignant 


oo000 


34 | Tumorous Lesions—Continued 
4 0 multiple tumors, probably benign 
5 O multiple tumors, probably malignant 
6 © multiple tumors, probably benign & 
malignant 
| 7 O multiple tumors, uncertain if benign 
or Malignant 


35 | Other Than Tumorous Lesions 
x © unrecorded 

0 © none 

| 1 © present 

120 


Diverticula 

O unrecorced 
none 

O present 


Inflammations 


| x © unrecorded 


0 © none 

1 © simple acute 

2 0 simple chronic 

3 0 chronic nonspecific ulcerative 
40 


x © unrecorded 
0 © none 

1 OC amoebic 

20 bacillary 

3 0 tuberculous 
4 © amoebic & bacillary 

5 O amoebic & tuberculous 

6 © bacillary & tuberculous 

7 © amoebic, tuberculous & bacillary 

80 
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unrecorded 43 Fissure in Ano 47 Biopsy — Continued 
0 none x unrecorded 1 © from crypts to external ring 
1 radiation 0 none 2 © from 5 em. to erypts 
2 lymphogranulomatous 1 present 3 0 from 10 to6em. 
; other 20 4 from 15 to 11 em. 
4 radiation & lymphogranulomatous 44 Ano-rectal Abscess 5 from 20 to 16 em. 
5 radiation & other x unrecorded 6 © from 25 to 21 em. 
lymphogranulomatous & other 0 none 7 from 30 to 26 em, 
7 radiation, lymphogranulomatous & 1 present 8 0 
other 2 is-49 Histologic Diagnosis 
45 Cryptitis & Papillitis 48) unrecorded 
4) Strictures & Stenoses x unrecorded 0 © none made—no biopsy taken 
x unrecorded 0 none 1 © no tumor 
0 nome 1 present 2 © benign tumor 
1 present 2 C 3 malignant tumor 
2 46 Fistula 4 © benign & malignant tumor 
Prolapsus Rectum x unrecorded 5 © uncertain if tumor 
x unrecorded 0 none 60 
0 none 1 2 rectal 49 x © unrecorded 
1 present 2 anal 0 © none made—no biopsy taken 
2 3.0 ano-rectal 1 © no lesion other than tumor 
42. Hemorrhoids 4 2 0 uneertain if lesion other than tumor 
x unrecorded 47 Biopsy 3 0 lesions described in cols. 37, 38, 39, 42 
0 none x unrecorded or 45 
1 present 0 2 none taken 4C 
RoENTGENOSCOPIC EXAMINATION 
~=©Portion of Colon Involved 55 Diverticulitis 59 Inflamations—C ontinued 
x unrecorded x unrecorded 7 0 radiation, lymphogranulomatous & 
0 none 0 none other 
1 © rectum 1 © present 8D 
2 sigmoid 2C (0 = Strictures and Stenoses 
3 descending colon Malpositions & Malformations (include x © unrecorded 
4 transverse colon inversion, leftsided position, non-rota- 0 2 none 
5 ascending colon tion, redundancy, megacolon, Hirsch- 1 2 present 
oF combinations of above sprungs Disease, adhesions, displace- 20 
7 whole colon ments by external pressure 61 Fistula 
s x © unrecorded x © unrecorced 
Tumorous Lesions 0 © none 00 none 
x unrecorded 1 © present 1 © colonic 
0 none 20 20 rectal 
1 one tumor, probably benign 59 Inflammations 3 anal 
2 © one tumor, probably malignant 57 x © unrecorded 4 0 rectal and anal 
30 one tumor, uncertain if benign or 0 2 none 5 © colonie and rectal 
malignant 1 2 simple acute 6 © colonic and anal 
4 © multiple tumors, probably benign 2 simple chronic 7 © eolonie and rectal and anal 
5 © multiple tumors, probably malignant 3 © chronic nonspecific ulcerative so 
6 multiple tumors, probably benign & 40 #2 Anorectal Abscess 
malignant 58 | x O unrecorded x © unrecorded 
7 © multiple tumors, uncertain if benign 0 2 none 0 2 none 
or malignant 1 © amoebic 1 © present 
5 2 0 bacillary 20 
52 Other Than Tumorous Lesions 3 tuberculous 63 Visualization of Terminal Tleum and 
x unrecorded 4 OC amoebic & bacillary appendix 
0 none 5 O amoebic & tuberculous x © unrecorded 
1 present (53-4) 6 © bacillary & tuberculous 0 © none, neither 
2 © present (53-4 and others) 7 © amoebic, tuberculous & bacillary 1 © present ileum only 
3 present (others only ') 80 2 2 present appendix only 
53. -Polyposis 59 | Xx unrecorded 3 0 present both 
x unrecorded 0 0 none 64 Abnormality of Terminal Heum 
0 © none 1 © radiation x © unrecorded 
1 present 2 0 lymphogranulomatous 0 2 none 
20 other 1 © present includes malposition and 
54 | Diverticula 4 02 radiation & lymphogranulomatous disease 
x © unrecorded 5 © radiation & other 2 0 no visualization 
0 © none 6 © lymphogranulomatous & other 
1 © present 


'“Others” includes fecaliths in appendix, worms in G. I, tract, bony abnormalities, calcifications, enlarged organs, soft tissue shadows, marked arthritis 
and scoliosis. 
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Finat DraGnosis 


65 | Tumors 70-72 | Inflammations 


75 | Hemorrhoids 


| x © unrecorded 70 | x © unrecorded x © unrecorded 
0 © none | 0 © none 0 © none 
1 © one tumor, probably benign | 1 © simple acute 1 2 present 
2 © one tumor, probably malignant | 2 2 simple chronic 20 
3 0 one tumor, uncertain if benign or 3 0 chronic nonspecific ulcerative 76 | Cryptitis & Papillitis 
malignant 40 | x © unrecorded 
4 © multiple tumors, probably benign 71 x © unrecorded | 0 2 none 
5 © multiple tumors, probably 0 none 1 present 
lignant 1 © amoebic 120 
6 O multiple tumors, probably benign & 2 2 bacillary 77 | Fissure in Ano 
malignant 3 0 tuberculous x © unrecorded 
7 O multiple tumors, uncertain if benign | 4 2 amoebic & bacillary 0 © none 
or malignant 5 0 amoebic & tuberculous 1 © present 
80 6 bacillary & tuberculous }20 
tii Polyposis 7 © amoebic, tuberculous «& bacillary 78 | Ano-rectal Abscess 
x 2 unrecorded | x 0 unrecorded 
0 3 none 72. x O unrecorded | 07 none 
1 © present 0 © none 1 © present 
20 1 2 radiation 120 
67 | Diverticula 2 2 lymphogranulomatous 79 | Fistula 
x © unrecorded 3 0 other | X © unrecorded 
0 2 none 40 radiation & lymphogranulomatous | 0 O none 
1 2 present 5 2 radiation & other | 1 © colonic 
20 6 © lymphogranulomatous & other 2 0 recta! 
68 Diverticulitis 7 2 radiation, lymphogranulomatous & | 3 0 anal 
x © unrecorded other | 4 anal and rectal 
00 none so | 5 © colonic and rectal 
1 © present 73 | Strictures & Stenoses | 6 © eolonie and anal 
20 x © unrecorded 7 © eolonie and rectal and anal 
69  Malpositions & Malformations (include 0 none 80 
inversion, leftsided position, non-rota- 1 OC present 80 Other Than Above Diagnoses (Include 


tion, redundaney, megacolon, Hirsch- 


sprungs Disease, adhesions, displace- 74 | Prolapsus Rectum 
ments by external pressure) x O unrecorded 

x 2 unrecorded 00 none 

none 1 present 

1 2 present 20 

an 


Melanosis, Endometriosis, etc.) 
0 unrecorded 

none 

CO) present in colon 

O present in colon and elsewhere 
© present elsewhere only 


ome 


absent in those without polyp. Neither age (range 
from 22 to 74 vears with a median of 43 vears), 
weight, height, family history of cancer, subjective 
symptoms (single or in combination), nor objective 
findings could serve to select patients in whom 
the probability of finding tumor was significantly 
greater than in others. With much larger num- 
bers of patients it was calculated that it would 
be unlikely that any correlation, investigated by 
us, would be appreciably greater than 0.2. The 
latter, even if reached, would be too small to be of 
clinical use in the selection of patients. 

For instance, 3 moderately significant tests were 
found. Item 18 (subjective signs and symptoms) 
and items 19-29 (composite of signs and symp- 
toms) showed a correlation coefficient of 0.06 and 
item 24 (hemorrhoids felt or seen by the patient) 
of 0.07. On analysis, it is found that item 24 
influences 18 whenever 24 gives a positive response 
and that it is included in the 11 leading signs and 
symptoms asked about in items 19-29. There- 
fore, 24 could be partially responsible for the 18 
and 19-29 item’s correlation of moderate signifi- 
cance. Chance could account for the item 24 
correlation, especially when one considers that 
patients’ observations are often inaccurate. The 


$26941—-49—-4 


correlation of item 42 (which represents the actual 
finding of hemorrhoids by physician examiners) is 
close to zero. Surely the former moderately signi- 
ficant correlation is canceled out by the latter 
insignificant one. 

Only the search for polyps by routine procto- 
sigmoidoscopy yielded significant results. In this 
section of the female population 1.8 percent 
(fiducial range 1—-2.6 percent) had polyps. 

In addition to the finding of polyps, a number of 
other observations in these women were of interest. 
The most frequent physical finding was hemor- 
rhoids; 331 of 1,011 (almost exactly one-third) of 
the women had them. This proportion was 
closely approximated in the group with polyps 
above the anal papillae. Therefore, all well 
women, regardless of whether they have or have 
not hemorrhoids must be suspected of harboring 
polyps. 

It has been the custom to criticize the frequent 
removal of hemorrhoids in patients with carci- 
nomas of the colon, when the symptoms due to 
the latter are wrongly ascribed to the hemorrhoids. 
This is the result of the physician’s neglect in 
examining the patient thoroughly before hemor- 
rhoidectomy. The neglect may be just as costly 
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if thorough examination is omitted in any patient 
of cancer age who comes to the office, because 
hemorrhoids are not, according to our statistics, 
correlated with the finding of small polyps of the 
colon. 

One would have expected a somewhat larger 
incidence of papillitis, cryptitis, and anal fissures 
than were found in these well women. That only 11 
were recorded seems to be indicative of the absence 
of women with symptomatic lesions and fits in 
practically with the Prevention Center’s objective 
to exclude obviously sick patients. Mild inflam- 
matory lesions of the higher bowel, mostly local- 
ized, were recorded in 17 women. 

The X-ray method, which was so unsatisfactory 
for locating minute tumors, yielded interesting 
results in other Only 43 of this age 
group showed diverticula of the colon. This 
seems a low incidence. Visualization of the 
appendix, in 654 women who had not had ap- 
pendectomies, was secured by our method in 223 
(approximately 34 percent). The terminal ileum 
was outlined by barium in 753 of 1,011 women 
(74.4 percent). In only 9 was the ileum judged 
to be abnormal (due to malposition, not disease). 
Malpositions and malformations were the con- 
ditions of highest incidence found within the 
eolon itself (item 56); 149 such abnormalities 
were found, 60 of which were unusually marked. 


respects. 


CONDITION NUMBER 
Displacement by mass external to colon__-__------ 1 
Congenitally short colon 1 
1 
Incomplete rotation ___-- 
Anomalous position of ileum_ 1 


Anomalous position ' of one or more portions of the 


Marked redundaney ! of — 


Transverse colon 1 
Ascending colon_ 1 
Sigmoid and descending : 2 
Sigmoid and transverse colon_ _- 1 
Transverse and descending colon _ - 1 
Ascending, descending, and sigmoid 1 
Transverse, descending, and sigmoid- 3 


! Both of these findings were present in 3 of the subjects, 


Unexpectedly, the contrast enema film secured 
on all patients served as a survey film of the 
abdomen in a rather high percentage of these 
well women. It brought to light major as well 
as minor pathological conditions. The ac- 
companying tabulation lists lesions extraneous to 
the colon and the number of patients exhibiting 
each. Minor scolioses and the commonly seen 
spurs of vertebral bodies were not included. 


LESION NUMBER 
Tumor outside of colon_ 1 


Diaphragmatic hernia (of stomach) 1 
Hydronephrosis suspected ‘(verified later by I. V. 

pyelogram) 
Unidentified densities o or calcifications i in abdomen 21 


Calcified mesenterie lymph 
Calcified chondroma of hip 
Calcification in tendon near greater trochanter - - - - 2 
Calcification in or near capsule of hip joint - - 1 
Caleification in soft tissues of hip joint__________- 5 
Deformity of hip (poliomyelitis) 1 
Metallic medication in 3 
Marked scoliosis (with marked rotation, 54 
Fracture of distal sacrum and old compression frac- 
Deformity of lumbar vertebrae... 3 
Anterior dislocation of L4............-...-.--.-- 1 
Anomalous development of lumbar or sacral segments, 
i. e., lumbarization or sacralization (with spina 
Arthritie changes of marked douse in— 
Dorsal vertebrae... .........- 


COMMENTS AND CONCLUSIONS 


A sufficient number of apparently well women 
over 20 years of age harbor small polyps in the 
rectum or rectosigmoid (1.8 percent in our series 
of 1,014 women) to justify the institution of routine 
sigmoidoscopy in cancer detection centers and in 
all thorough health surveys. This procedure 


should be carried out at least until it is determined 
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if it is of practical value in the discovery of early 
(very small) asymptomatic malignancies. 

Routine X-ray study of the colon is not con- 
sidered justifiable in asymptomatic subjects. To 
the authors (who found an incidence of only 0.1 
percent of polyp in the colon above the rectosig- 
moid) this method does not seem to be of practical 
use in well women. Its effectiveness in the diag- 
nosis of advanced malignancy of the colon among 
patients with typical symptoms has long been 
proven. The advantage of the sigmoidoscopic 
over the X-ray method in such groups as ours is 
due in all probability to several factors. Proper 
preparation of the colon offers as clear a field in 
the area reachable by the sigmoidoscope as does 
the skin to the unaided eye. Very tiny (1-2 mm.) 
elevations can be seen and can serve for biopsy 
through the proctoscope. On the other hand, 
the size of the tumor plays a considerable role in 
detection by X-ray examination. All experienced 
roentgenologists know that it is difficult and often 
impossible to detect tumors under 1 or 2 em. in 
size in cavity lumens of varying size and compressi- 
bility. Witness the relatively large carcinomas 
of the rectal ampulla that are often missed by the 
ordinary barium enema. Since none of the polyps 
found by the authors were over 1 em. in size and 
since the expected frequency in the colon, above 
the height reached by the sigmoidoscope, is greater 
than 0.1 percent, it is logical to assume that there 
were other polyps in the higher colon but that 
they were too small to be demonstrated by the 
X-ray examination in these asymptomatic women. 

Careful digital examination of the rectum failed 
to detect these soft small polyps before and even 
after they were known to be present, in spite of 
the fact that 16 of the 19 rectal lesions were below 
the 15-em. height on the sigmoidoscope. True 
anal ring polyps, of the kind which do not resemble 
hemorrhoids or enlarged papillae, are relatively 
infrequent. The authors found 5 in the 1,014 
women. They can be seen or felt and in the latter 
case can usually be delivered externally for view- 
ing and biopsy. They originate in the modified 


squamous epithelium of the anal canal. They, 
as well as the hemorrhoids and enlarged papillae 
of the canal, rarely become malignant. Anal 
carcinomas form under 1 percent of bowel tumors. 

It is desirable to develop a simple method of 
excision of the total polyp of the rectum, because 
of the need for study of these lesions in serial 
section. Relative agreement among pathologists 
on what is benign, premalignant, and malignant 
in the skin has been gained by wide experience on 
large numbers of such lesions. Equal experience 
could be expected to bring about similar agreement 
in diagnosis on small rectal polyps. 

A code adapted to the Hollerith punched card, 
for recording clinical information on large numbers 
of patients, serves as a practical method of statis- 
tical evaluation. 

Correlation, in our polyp and nonpolyp-bearing 
groups, based on history of cancer in the family, 
presence of symptoms quoted as being suggestive 
of cancer of the colon (such as rectal bleeding), 
presence of hemorrhoids, or any other physical 
findings, as well as many other facts gathered in 
the study, failed to show significance. 

Hemorrhoids were the commonest lesions of the 
bowel found at physical examination of these well 
women, occurring in one-third of them. It should 
be stressed that one-third of those harboring rectal 
polyps also had hemorrhoids. It becomes obvious 
that physicians must secure sigmoidoscopic and 
barium enema examinations of all women with 
hemorrhoids before treating the latter. It has 
been estimated repeatedly that delays of 3 to 6 
months oecur in the discovery of colon carcinoma 
through the physician’s error in diagnosing simple 
hemorrhoids. 

Marked malpositions and malformations of the 
colon were the commonest X-ray abnormalities 
found, occurring in 60 of 1,031 patients. 

The double contrast air and barium enema 
films revealed a rather high percentage of out- 
standing unexpected pathologic conditions else- 
where than in the colon and served as survey 
films of the abdomen. 
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THE EFFECT OF LOCAL ROENTGEN IRRADIATION ON THE BIOLOGICAL BEHAVIOR 


OF A TRANSPLANTABLE MOUSE CARCINOMA. I. INCREASED FREQUENCY OF 


PULMONARY METASTASIS ! ? 


By Henry 8. Kapvan, M. D.,3 radiologist, and Epwtn D. Murpny, M. D., pathologist, National Cancer Institute, National 
Institutes of Health, Public Health Service, Federal Security Agency 


INTRODUCTION 


Spontaneous or variously induced changes in the 
biological behavior of transplantable tumors may 
manifest themselves in an altered capacity for (1) 
remote metastasis or (2) progressive growth after 
inoculation into alien strains or heterologous 
species. In the course of an investigation of the 
effects of local irradiation on a transplantable 
mouse mammary carcinoma, both of these phe- 
nomena have been studied. Only those results 
concerned with frequency of metastasis are 
reported fully at this time, however. 

The most familiar effect of roentgen irradiation 
upon tumors is that of local cellular destruction 
and degeneration, often resulting in permanent 
tumor regression. The converse possibility that 
irradiation may enhance the growth capacity or 
other potentialities of a tumor has been speculated 
upon clinically but has received little attention 
experimentally. 

The present investigation was undertaken fol- 
lowing the clinical observation of a number of 
unusual cases of epidermoid carcinoma of the 
lower lip and buccal mucosa. After receiving an 
inadequate course of roentgen irradiation at 
another institution, these tumors were observed 
to spread rapidly not only. to the regional lymph 
nodes but widely throughout the body. Since 
widespread and fulminating dissemination is 
seldom manifested by either untreated or ade- 
quately treated tumors of the same type, specula- 
tion arose as to the possible role of irradiation as a 
precipitating factor. Inasmuch as such a hy- 
pothesis cannot satisfactorily be tested clinically, 
a controlled laboratory experiment (using a stand- 


' Received for publication October 8, 1948. 

? This investigation was conducted in the Department of Radiology, Yale 
University School of Medicine, New Haven, Conn., with the aid of grants 
from the American Cancer Society, acting on the recommendations of the 
Committee on Growth of the National Research Council, and from the Jane 
Coffin Childs’ Memorial Fund for Medical Research. 

?Now Professor of Radiology, Stanford University School of Medicine, 
San Francisco. 


ard transplantable tumor) was designed to study 
this question more adequately. 


REVIEW OF THE LITERATURE 


Only two publications were found in which the 
effect of roentgen treatment upon the frequency of 
metastasis has been investigated in animals. 
Working with a transplantable sarcoma in mice, 
Krebs (1) noted pulmonary metastases in 24 per- 
cent of control tumor-bearing animals as com- 
pared with 37 percent of those with locally irra- 
diated tumors. He ascribed this difference to the 
slightly longer average survival time of the 
latter group rather than to any direct effect of 
the radiation. Yamamoto (2) reported an_ in- 
creased frequency of metastasis to bone after 
local treatment of the Kato rabbit sarcoma with 
doses of 600 to 1,800 r. Evaluation of his data 
is difficult, because the numbers of animals 
employed were small, the control and irradiated 
groups were not concurrently studied, and their 
survival times varied considerably. 


MATERIALS AND METHODS 


The tumor selected for study was the Bagg- 
Jacksen mammary carcinoma 755, which arose 
spontaneously in a female mouse of strain C57 
black after forced breeding and has been main- 
tained by serial transfer to mice of the same strain 
in the laboratories of Dr. Halsey J. Bagg (3) and 
Dr. William H. Woglom.* In previous work with 
this tumor, Greene and Murphy (4) observed 
pulmonary metastasis in only 1 of 200 C57 black 
mice; Goldfeder (5) found none. It has consistent- 
ly failed to grow after subcutaneous inoculation 
into mice of other strains or intraocular transfer 
to guinea pigs. 

After subcutaneous inoculation into C57 black 
mice, it grew slowly to considerable size, forming a 
globular tumor mass, with late central necrosis and 
ulceration. The tumors are usually sharply cir- 


4 We are greatly indebted to Dr. William H. Woglom for having made this 
tumor available to us. 
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Figure 1.—Seetion of subcutaneous transplant demonstrating the more solid areas and the tubular areas of the growth. @ 
x 100. 


Ficure 2.—Section of subcutaneous transplant demonstrating cystic areas of tumor 755. 100. 2 
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cumscribed although occasional limited infiltration 
of striated muscle may be seen microscopically. 
The tumor growth does not extend into the peri- 
toneal cavity. Microscopically, the tumor resem- 
bles the commonly encountered mammary tumors 
in mice. It is composed predominantly of small 
polygonal cells grouped into irregular masses with 
scattered areas where the structure reproduces 
acini and tubules (figs. 1 and 2). 

The frequency of metastasis of this tumor fol- 
lowing irradiation has been studied in 5 separate 
experiments during the course of the first 13 trans- 
fer generations in this laboratory. In 4 of these 
experiments, the site of inoculation was the sub- 
cutaneous area on the posterior aspect of the hind 
leg; in the fifth, the subcutaneous tissue of the 
right axillary area. In all instances, fresh tumor 
fragments, moistened with sterile 0.9-percent saline 
solution, were inoculated with a blunted 13-gage 
trocar. The strain C57 black mice used in all 
5 experiments were identically caged and had free 
access to Purina Laboratory Chow pellets and 
water. 

In the intervening generations, which are irrele- 
vant to the present paper, the tumor was main- 
tained by serial subcutaneous transfer through 
mice of the same strain. The pertinent experi- 
ments and the continuity of tumor maintenance 
are emphasized in figure 3; other transfers are 
merely indicated by open rectangles. 

In each of the 5 experiments, fragments from a 
single excised tumor were inoculated into approxi- 
mately 50 mice, which were subsequently divided 
at random into control and X-ray groups. When 


the tumors reached a diameter of about 1 em., 
mice of the X-ray group were individually tied 
down on wooden boards, and the tumors were 
locally irradiated, the remainder of the body being 
carefully shielded with lead. Single doses of 
roentgen radiation were administered with a super- 
ficial therapy apparatus operating at 100 kv. peak, 
6 ma. inherent filtration, 17.8 em. distance, and 
a field diameter of about 1.5 em. Dosage ranged 
from 400 to 1,000 r in various experiments but 
was constant for all treated animals in any one 
experiment. The summarized results of the 5 ex- 
periments, grouped according to site of inoculation, 
are presented in table 1. 

Since preliminary studies had demonstrated 
that a period of at least 61: weeks was necessary 
for the development of microscopically demon- 
strable metastases in either group, animals dying 
before that time were considered indeterminate 
and omitted from final calculations, though all 
were examined at autopsy and found negative for 
metastases. Survival times for the two groups 
were equalized during the determinate period from 
61; weeks to 8 weeks after inoculation; the death 
of a mouse in either group was matched by killing 
a moribund animal of the other group on the same 
day. The few survivors in both groups were 
killed at the end of 8 weeks. Careful autopsies 
were performed on all mice, and a search was made 
for macroscopic metastases in the lungs and other 
organs. All five lobes of the lung and other 
tissues as indicated were excised, fixed, sectioned, 

5In one experiment, the control group was also tied down on identical 
boerds for the same period of time. Since no metastases were observed in 
this group (experiment 3, table 1), it was concluded that the incidental 


manipulation is not a significant factor, and this precaution was subsequently 
omitted, 


TABLE 1.—Incidence of pulmonary metastasis in irradiated and control tumor-bearing mice 


Control group 


Tumor 


Irradiated group 


Experiment No. genera- lation Number Number) Number nate | Number Number | Number | nate Remarks 
tion No. of inocu- of deter- with group | of inocu- | of deter- with | group | 
lated minate | metas- with | lated | minate | metas- | with | 
mice survivors tases metas- mice | survivors| tases metas- 
tasis tasis 
: Percent Percent 
Hind lez_--- 22 10 1 10 20 14 5 26 Controls tied down also to 
_ 25 13 0 0 25 13 7 54 test effect of manipula- 
eee 10 do 22 14 0 0 26 16 4 25 tion. 
20 15 4 27 25 19 ll 58 
_ SRE RS Asilla.....- 24 10 3 30 24 14 4 28 Direct extension through 
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stances. See text. 
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Figure 3.—Schematie diagram of the first 13 transfer generations. The 5 experiments to determine metastasis incidence 
after irradiation, and the serial maintenance of the tumor in the intervening generations, are indicated in boldface. 
Irrelevant experiments are represented as open rectangles. Each circle indicates a mouse surviving into the determinate 
period; the solid circles, mice with pulmonary metastases. 
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and stained with hematoxylin and eosin. Ani- 
mals were not recorded as negative for metastasis 
until careful study of the lung sections had been 
completed.® 

The hind leg was the site of inoculation in 4 
experiments using a total of 185 mice, of which 
96 were subjected to local irradiation over the 
tumor and 89 kept as untreated controls. Sixty- 
two of the irradiated group and 52 of the controls 
survived into the determinate period of 6': to 8 
weeks after inoculation. Metastases were not 
found in any tissue other than lung. Pulmonary 
metastases were found in 27 of the treated group 
(43.5 percent) and in 5 (9.6 percent) of the con- 
trols. No attempt was made to count the total 
number of pulmonary metastases in the positive 
instances. It was apparent, however, that when 
present, they were usually multiple or very numer- 
ous in the lungs of the irradiated group and solitary 
or few in the control animals. Statistical analysis 

6 In the earlier experiments only single sections were taken approximately 
through the median plane of each lobe, in addition to occasional sections 
through tumor nodules directly visible on or near the lung surface. Later, 
two or three sections were cut through different planes of each lobe, and in 
recent experiments not reported here, serial sections of every lobe were ex- 
amined. Metastases, when present in the latter, were encountered on so 
many serial slides as to confirm our impression that the simpler technique 


of sectioning only two or three planes of each lobe is adequate to detect all. 
or very nearly all, metastases present. 


Ficure 4.—Intra-arterial pulmonary metastasis. 85. 


826941—49——_5 


reveals that the observed differences in frequency 
of metastasis are highly significant.’ The con- 
clusion seems warranted that local irradiation of 
a tumor under the conditions of these experiments 
increased its ability to produce remote metastases. 

Tumor transplantation into the axilla in one 
experiment proved unsatisfactory because of a 
tendency to direct extension through the chest 
wall. Tumor nodules found in the lung in this 
experiment are recorded as metastases but were 
probably direct extensions in at least some in- 
stances. For this reason, it is difficult to evaluate 
the equivocal results of this experiment. 

Most of the pulmonary metastases appeared to 
grow intravascularly in arteries and arterioles 
(fig. 4). Many of the deposits could be traced in 
serial sections through multiple branches of a 
major vessel. The metastases were predomi- 
nantly central rather than peripheral, usually in 
close relationship to the bronchial tree (fig. 5).. 
In the cases with more extensive pulmonary in- 


7 Nathan Mantel, statistician of the National Cancer Institute, assisted in 
the analysis of these data. The theoretical frequencies were calculated on 
the hypothesis that the metastasis rate in any one experiment was the same 
for mice receiving radiation as for the controls, but varied between experi- 
ments. The departure of these frequencies from those observed yields a 
value for x2, with one degree of freedom, of 15.75 with an associated proba- 
bility of less than 0.0001. 
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Figure 5.—Multiple pulmonary metastases, with compression of bronchus and atelectasis. X 85. 


volvement, the tumor was found also in thin- 
walled vessels and invading the parenchyma of 
the lung. Histologically, the metastases closely 
resembled the subcutaneous transplants. 

The irradiated subcutaneous tumors exhibited 
a variable degree of regression but resumed growth 
after an interval of 1 to 2 weeks. At the end of 
the 8-week experimental period, the control tumors 
were generally somewhat larger, not infrequently 
reaching 4.5 to 5.0 em. in diameter, whereas the 
largest irradiated tumors seldom exceeded 3.0 to 
3.5em. The treated tumors showed considerably 
less necrosis than the bulkier control growths. 


DISCUSSION 


These experiments indicate that local roentgen 
irradiation of a tumor may augment its capacity 
for dissemination. Extensive speculation con- 
cerning the possible mechanism of this pherome- 
non seems premature. A number of hypotheses 
have been considered, however, with a view to 
further investigation. Among these are: somatic 
mutation of the tumor; release of a metastasis- 
promoting factor from radiation-damaged tumor 
cells, similar to the XYZ material described by 
Casey (6, 7) in autolyzates of the Brown-Pearce 


rabbit tumor or the autolyzate factor reported by 
Chambers and Scott (8); injury to or inhibition 
of the host defense mechanisms, analogous to the 
effect on tumor dissemination of trypan blue up- 
take by macrophages as reported by Foulds (9); 
injury to and increased permeability of the blood 
vessels supplying the tumor; release or activation 
of hyaluronidase or some other spreading factor; 
or diminution of mutual adhesiveness of the tumor 
cells (10, 11). 

The somatic mutation hypothesis seems unlikely 
because the altered tumor behavior appears to be 
transient rather than permanent. Subtransfers of 
a few of the tumors which had metastasized or 
of the pulmonary metastases themselves only 
sporadically gave rise to metastases with a fre- 
quency which was no greater than that of the 
untreated control tumor. The other hypotheses 
have not yet been tested adequately and cannot 
be evaluated. 

The significance to be attached to the increased 
frequency of metastasis after irradiation observed 
in this experiment will depend in part upon the 
frequency with which the results may be repro- 
duced with other tumors. No systematic attempt 
has been made to study this phase of the problem. 
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but fragmentary results with a carcinogen-induced 
transplantable chick sarcoma have been corrobora- 
tory.® 

The dosage of radiation is another variable 
deserving further study. All doses employed thus 
far have been inadequate to produce complete and 
permanent disappearance of an established tumor. 
It is possible that the effect of doses destroying 
all tumor tissue may be quite different. Until 
further evidence concerning the response to vary- 
ing doses is available, extension of the implications 
of the work to the field of clinical radiation therapy 
is unwarranted. 

SUMMARY 


Local roentgen radiation, in doses sublethal for 
the tumor, was administered to transplantable 


* In collaboration with Dr. Francisco Duran-Reynals. 


mammary tumor 755 growing subcutaneously in 
strain C57 black mice. Untreated mice selected 
at random from the same transfer generations were 
maintained as controls. Of 98 mice bearing irra- 
diated tumors, 62 survived the determinate period 
of 6'; to 8 weeks required for the development of 
microscopically demonstrable metastases; 27 of 
these (43.5 percent) had pulmonary metastases. 
Fifty-two of 89 controls survived an equal period, 
and pulmonary metastases were found in 5 (9.6 
percent). Since these differences are statistically 
highly significant, it is concluded that local irradia- 
tion under the conditions of these experiments 
produces an increased incidence of remote metas- 
tasis. Some of the possible mechanisms of this 
phenomenon are suggested. 
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THE HISTOCHEMICAL DEMONSTRATION OF ESTERASE !? 


By Marvin M. Nacutas,? research associate, and ARNOLD M. SELIGMAN, assistant professor of surgery, Kirstein Laboratory 


for Surgical Research, Beth Israel Hospital, Boston, and the Department of Surgery, Harvard Medical School 


That blood and many tissues are able to hydro- 
lyze certain carboxylic esters has been known for 
over 50 years (1). In early studies (2), it was 
noted that the salts of half esters of dibasic acids 
were not split by liver extracts, and that esters 
of aromatic acids (3) were hydrolyzed very slow- 
ly.* It was later shown that variation in the size 
of the alkyl group in combination with a lower 
fatty acid exerted little influence on enzymatic 
activity but that variation in the size of the fatty 
acid moiety produced marked differences in the 
ease of hydrolysis by various tissue extracts (4, 4). 
These findings suggested that the fatty acid esters 
of naphthol * would be hydrolyzed by esterase, 
providing that the substrates were sufficiently 
soluble to permeate tissue sections. A satisfac- 
tory substrate for a histochemical method was 
found in beta naphthyl acetate (I) (chart 1). 
Although alpha naphthyl acetate is hydrolyzed 
equally well, the pigments produced with it are 
not so brilliant. Utilizing the principle developed 
for alkaline phosphatase (6, 7), tissue sections 
were incubated at room temperature in a solution 
containing the substrate (1), the stabilized salt of 
diazotized alpha naphthylamine (III), sodium 
chloride (IM), and buffer pH 7.8. Within 2 
minutes, the insoluble purplish red pigment (IV), 
produced by coupling with the liberated beta 
naphthol (II), began to appear, and in 20 minutes 
the degree of staining was satisfactory. 


! Received for publication October 29, 1948. 

? This investigation was aided in part by aresearch grant from the National 
Cancer Institute, National Institutes of Health, Public Health Service, and in 
part by a research grant from the American Cancer Society, Massachusetts 
Division. 

3 Research fellow of the National Cancer Institute. 

‘ This is confirmed by our observation that both alpha and beta naphthyl 
succinate and beta naphthyl benzoate were not split significantly by esterase, 
although spontaneous hydrolysis of the half esters occurred rapidly at pH 
above 8. 

‘ Further evidence that the acid moiety of esters of naphthol carries the 
Specificity of enzymatic hydrolysis is afforded by the hydrolytic action of 
alkaline phosphatase on beta naphthy! phosphate (6, 7), acid phosphatase on 
alpha naphthyl phosphate (8), sulfatase on beta naphthyl sulfate (unpub- 
lished), and g-glucuronidase on alpha and beta naphthyl beta glucuronide 
(unpublished) 
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MATERIALS AND METHOD 
PREPARATION OF BETA NAPHTHYL ACETATE (I) 


Beta naphthol (10 gm.) was dissolved in acetic 
anhydride (15 ec.) and anhydrous (7) pyridine 
(10 ce.). The solution was heated to boiling 
slowly and boiled for 5-10 minutes. After it 
was cooled, it was poured into 300 cc. of cold 
water. The mixture was stirred until the oil 
solidified and the excess acetic anhydride had 
decomposed. The acetate was collected and 
washed with water. The solid was dissolved in 
100 ec. of hot methyl aleohol and then cooled. 
Water (100 ce.) was added. The acetate crystal- 
lized in fine white needles. After standing, it 
was collected, washed with a little 50 percent 
methyl alcohol, sucked dry, and then dried 
overnight at 37° C. Melting point 69°-70° 
corrected, 11.4 gm., 88-percent yield. A second 
crop was obtained by adding water to the mother 
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liquor (1.3 gm., 10 percent yield), melting at 
67°-69° corrected. A negative test for traces 
of free naphthol was obtained on dissolving a 
pinch of the acetate in 50 percent alcohol and 
adding sodium bicarbonate and a_ diazonium 
compound. 


Naputuyt Diazonium-l, 5-NAPHTHALENE 
DisuLronate (IIT) 


The diazotization of alpha naphthylamine and 
preparation of the stabilized salt with naphtha- 
lene-1, 5-disulfonie acid was described previ- 
ously (7). 

The results with a commercially available 
stabilized diazonium compound (7), Diazo Blue 
B°, were as satisfactory with the production of a 
deep blue instead of a red pigment. 


FIxaTION OF TISSUES 


Fresh tissue was fixed in cold acetone, and 
paraffin-embedded sections were prepared accord- 
ing to the following schedule: 

(1) Fix thin blocks of fresh tissue in cold acetone (3 
changes) for 24 hours in the refrigerator. 

(2) Clear in cedarwood oil for 18-24 hours. 

(3) Replace the oil by xyvlol (2 changes of 30 minutes 
each). 

(4) Embed in paraffin (m. p. 52°-54°) for 2-3 hours 
at 54°-56° C. (3 changes). 

(5) Cut sections 6u thick, float on water, and mount on 
slides having a thin film of Maver’s albumin (9). 

(6) Dry overnight at 37° C.; run slides through xylol and 
graded acetone solutions to distilled water. 


DEMONSTRATION OF ESTERASE 


Ten slides were incubated at room temperature 
in the following freshly prepared solution: 
Beta naphthyl acetate (1) 10 mg. 
Acetone ee. 
Alpha naphthyl diazonium naphthalene-1,5- 


disulfonate (IIT) ‘ _ 40 mg. 
Sodium chloride, 2M 50 ee. 
Barbital buffer,' pH 7.8 . 20 ce. 
Distilled water __ 29 cc. 


1 Prepared (/0) by mixing 66.5 cc. of a solution containing 10.3 gm. of sodium 
diethyl barbiturate in 500 ce. of distilled water with 33.5 ec. of an 0.1 M 
hydrochloric acid solution. 


Beta nephthyl acetate was dissolved in 1 ec. of 
acetone »i« added to an agitated solution of the 


® Providec turmgh the courtesy of Dr. E. R. Laughlin, DuPont de 
Nemours & Co., Boston. The powder contains 20 percent tetrozotized 
diorthoanisidine as the zine salt. 


This concentration of 
the substrate was close to the solubility limit, so 
that occasionally a faint cloudiness persisted. 


buffer, salt, and water. 


This is of no significance. The diazonium com- 
pound was then added, the mixture shaken, filtered, 
and poured into the staining dish containing the 
sections. After 3 minutes, tissues rich in esterase 
became red. The yellow solution darkened with 
time, due to decomposition of the diazonium com- 
pound and some diffusion of enzyme into the 
solution. After 20 minutes, the sections were 
washed with tap water. They may be counter- 
stained lightly with aqueous hematoxylin (9). 
Permanent mounts were made in Kaiser’s glyc- 
erogel (7, 9). The black and white photomicro- 
graphs * shown in figures 1-6 were made from 
sections incubated for 40 minutes (20 minutes 
each in freshly prepared solutions). The intensity 
of color, however, makes such long incubation un- 
necessary for microscopic observation. 


EFFECT OF FIXATION AND EMBEDDING ON ESTERASE 
ACTIVITY 


Fixation of tissue in cold acetone produced less 
destruction of esterase activity than other fixing 
agents. Almost complete inactivation was pro- 
duced by exposure of tissue for 24 hours to forma- 
lin (10 percent), ethyl alcohol, methyl alcohol, 
and dioxane. Determination of the percent of 
inactivation of esterase activity by these agents 
and by the various steps in preparing paraffin- 
embedded sections was made in the following 
manner. 

Fresh rat liver was homogenized and diluted 
with distilled water to a concentration of 0.5 
mg. per cubic centimeter and stored at 4° C. 
Aliquots from the same liver were placed in various 
fixatives for 24 hours, removed, homogenized, 
and diluted to the same concentration. 

Each homogenate (1 ec.) was added to 4 ce. of 
a saturated solution of beta naphthyl acetate 
buffered at pH 8.4. After 20 minutes, the reac- 
tion was stopped by the addition of an excess of 
sodium chloride and immersion in an ice bath. 
Ethyl acetate (10 ce.) and 1 ce. of a 0.25-percent 
solution of diazotized alpha naphthylamine (II1) 
were added. The tubes were shaken thoroughly 


7 Photomicrographs by Leo Goodman. 


th 


al 
| er 
pl 
A 
w 
ne 
of 
pe 
pe 
ti 
re 
ac 
to 
ac 
ac 
Ab 
Ab 
Ab 
Die 
Ab 
Ce 
Ab 
Ce 
Ab 
Ce 
Xy 
| Ab 
Ce 
Xy 
Ab 
Ce 
Xy 
| Pa 
| Ab 
Ce 
Xy 
Pa 
Par 
Ab 
Cee 
| Par 
De 
ra 
pa 


less 
‘ing 
ma- 
hol, 

of 
ents 
ftin- 


ying 


ited 

0.5 
ious 
zed, 


of 
tate 
eac- 
3s of 
ath. 
cent 


ghly 


THE HISTOCHEMICAL DEMONSTRATION OF ESTERASE 


and centrifuged. The orange-colored organic lay- 
er was transferred to Klett tubes and read in a 
photoelectric colorimeter with a green filter (540 
A°). Zero reading of the instrument was adjusted 
with an ethylacetate extract of a tube which did 
not contain liver homogenate. The average value 
of 4 fresh liver homogenates was taken as 100- 
percent enzyme activity. The results of 10 ex- 
periments are given in table 1. 

The method of preparing paraffin-embedded sec- 
tions described above, using acetone as a fixative, 
resulted in loss of 60 percent of the original esterase 
activity. Similar treatment of tissue is reported 
to destroy 70-80 percent of alkaline phosphatase 
activity and 95 percent of acid phosphatase 
activity (17). 


TaBLeE 1.—Effect of fixation and embedding on esterase 


activity 
Esterase 
Reagent used Pat activity 
pe remaining ! 
Hours Percent 
24 78 
Cedarwood oil 24 41 
Xylol____- 2 
Absolute acetone 24 | 
Cedarwood oil 24 38 
Paraffin 56° C_____ 3 


Deparaffinization_- 


' Average of 10 experiments. 
RESULTS 


The esterase activity in normal tissues of the 
rat and dog was found to be highest in lung, liver, 
pancreas, and kidney. This is in agreement with 
the tissue assay method of Huggins and Moulton 


417 


(12) utilizing p-nitrophenyl acetate as a substrate. 

In lung (fig. 1) the highest concentration of 
esterase was seen in the bronchial epithelium and 
elastic layer of large blood vessels. Less activity 
was noted in the bronchial smooth muscles and in 
the septal cells. 

Liver cells were uniformly stained, with some 
accentuation in the region of the central veins 
(fig. 2), while periportal regions contained very 
little esterase. 

The pancreatic acini stained intensely, while the 
islets of Langerhans (rat) were devoid of esterase. 

All the tubular elements in the cortex of the 
rat’s kidney showed marked activity. The glo- 
meruli and medullary portions contained little 
esterase (fig. 3, A). The cortex of the dog’s 
kidney showed differential staining. The most 
intense stain occurred in convoluted tubules and 
the medullary rays (fig. 3, B). The nuclei of 
tubular epithelium was free of esterase (fig. 4, A). 
Esterase-containing leukocytes were seen in glo- 
meruli (fig. 4, A). 

Throughout the gastro-intestinal tract there 
were varying degrees of esterase activity in both 
muscularis and mucosa. In rat duodenum the 
activity is marked in the surface epithelium, de- 
creasing toward the submucosa. The longitudinal 
muscle and Auerbach’s plexus also contained sig- 
nificant esterase (fig. 4, B). Rat esophagus and 
rabbit stomach incubated for 20 minutes are 
shown in colored photomicrographs (plate 1). In 
the cardiac portion of the dog’s stomach the surface 
epithelium was also stained intensely and the 
parietal cells contained significantly more esterase 
than the zymogenic cells (fig. 5, A). 

A significant amount of esterase was seen in 
ureter, bladder, prostate (figs. 5, B and 6, A), 
testis, gall bladder, and adrenal (most marked in 
glomerulosa, fig. 6, B). None was seen in heart, 
skeletal muscle, spleen, lymph nodes, thyroid, and 
brain. 

Esterase activity by assay methods was re- 
ported (13, 14) to vary in homologous organs of 
different species. The results of such a study 
with this method in several species will be reported 
later. 
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Ficure 1.—A, Rat lung. Esterase activity is marked in the bronchial epithelium and elastic layer of large blood vessels. 
The activity is less in smooth muscle and the septal cells. > 150. B, Same section showing a portion of bronchiole, 
its accompanying blood vessel, and several septal cells. >< 550. 
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Pate 1.—A, Rat esophagus. Esterase activity is marked in the epithelium, but absent from the 
cornified layer. There is a distinct layer of muscle containing esterase in the submucosa. 
Esterase is absent from the outer layers of muscle. X 60. B, Rabbit stomach (cardiac end). 
Esterase activity is marked in the midzone of the gastric pits. Both epithelium and parictal 

cells contain esterase. The muscle coats are devoid of the enzyme. X 60. 
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Figure 2.—A, Rat liver. Esterase activity is widely distributed with some accentuation near the central veins. The 
portal areas contain very little enzyme. X 150. B, Same section of a central vein. > 550. 


: 
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Figure 3.—A, Rat kidney. 
kidney. 
are free of the enzyme. 
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Esterase activity is marked in the tubules and weak in the glomeruli. 


x 150. 


B, Dog 


The medullary rays and convoluted tubules stain more intensely than do the other structures. The glomeruli 
150. 
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Figure 4.—<A, Dog kidney. Same section as 3, B. The nuclei of the tubular epithelium are free of esterase. Leukocytes 
in the glomerulus contain esterase. 550. B, Rat duodenum. Esterase activity is marked in the surface epithelium, 
less in the erypts and in the longitudinal layer of muscle. Mucus-containing portions of goblet cells are free of esterase. 
Several nerve cells in Auerbach’s plexus contain esterase (upper right). > 150. 
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Figure 5.—A, Dog stomach (cardiac end). Esterase activity is marked in the epithelium lining the gastric pits and in the 
parietal cells. 


< 150. B, Dog prostate. Prostatic epithelium is rich in esterase. > 150. 
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Wrest: 


Figure 6.— <A, Dog prostate. Same as section 5, B. Esterase is most marked in the cytoplasm of the epithelial cells. 
x 550. B, Dog adrenal gland. Esterase activity is most marked in the zona glomerulosa (left), much less in the 
reticularis, and absent from the fasciculata and medulla. Counterstained with hematoxylin. X 150. 
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DISCUSSION 


Carboxylic esterase may be divided into three 
classes. These are lipase, choline esterase, and non- 
specific esterase. Lipase hydrolyzes higher fatty 
acid esters of glycerol (5). No conclusive proof is 
available from studies with pancreatic extracts that 
higher fatty acid esters of simple alcohols are split 
exclusively by lipase (15). Nonspecific esterase 
hydrolyzes a large variety of esters (13, 15, 16) of 
small and large fatty acids with various alcohols, 
including beta naphthyl acetate. Since both 
enzymes occur together in some tissues and since 
a certain degree of overlapping of activity may be 
expected with compounds structurally similar to 
the ideal substrates of each, it is not surprising that 
a differentiation of these two enzymes was slow in 
development and that even today some confusion 
in classification of these two enzymes exists. For 
example, Gomori (17) has developed a_histo- 
chemical method for what he calls lipase, utilizing 
“Tween” 40 and 60 as a substrate (mono higher 
fatty acid esters of polyoxyethylene sorbitan). 
Structural considerations would make one suspect 
that this substrate is not specific for lipase. This 
has been indicated by Huggins and Moulton (12) 
and is further suggested by our preliminary 
observations that the distribution of esterase with 
beta naphthyl acetate is similar to that given by 
Gomori with “Tween.” 

Choline esterase, which acts principally on esters 
of choline, is thought to include “true choline 
esterase’ or acetylcholine esterase, and “pseudo 


choline esterase’’ (18). The former was found in 
red blood cells and brain, and acts exclusively on 
acetyl choline and acetyl-beta-methyl choline with 
a maximum effect at low substrate concentrations 
(18). The pseudo enzyme acts upon a variety of 
choline esters with a maximum effect at high 
substrate concentrations and does not split acetyl- 
beta-methy] choline (18). The distribution of 
these two enzymes in various tissues by assay 
methods has been reported (19). 

That choline esterase does not split beta naph- 
thyl acetate is abundantly clear. Eserine, which 
had been shown to have a marked inhibitory effect 
on choline esterase (20, 21), did not retard signifi- 
cantly the hydrolysis of beta naphthyl acetate by 
rat-liver mash. No appreciable hydrolysis was 
produced by homogenized nervous tissue which 
contained acetyl choline esterase (19). Further- 
more, utilizing a histochemical method for choline 
esterase, Gomori (22) found the enzyme in brain, 
spinal cord, the conduction system of the heart, 
spleen, and lymph nodes. These tissues did not 
stain when beta naphthyl acetate was used as a 
substrate. 

SUMMARY 


A method for the histochemical demonstration 
of esterase is presented. Fixation of tissue, clear- 
ing, and embedding in paraffin was found to result 
in loss of 60 percent of the esterase activity. 
Distribution of the enzyme in a few normal tissues 
is described. Evidence that the method demon- 
strates nonspecific esterase is given. 


REFERENCES 


(1) Hanriot, M.: Sur la non-identite des lipases d’ori- 
gine differente. Compt. rend. Soc. de biol. 49: 
377-380 (1897). 

(2) Kastie, J. H.: The inactivity of lipase towards the 
salts of certain acid ethers considered in the light 
of the theory of electrolyte dissociation. Am. 
Chem. J. 27: 481-486 (1902). 

(3) Doyon, M., and Moret, A.: Action saponifiante 
du sérum sur les éthers. Compt. rend. Soc. de 
biol. 55: 682-683 (1903). 

(4) Kastie, J. H.: The influence of chemical constitu- 
tion on the lipolytic hydrolysis of ethereal salts. 
Bull. Hyg. Lab. U.S. P. H. 8. No. 26: 43-51 (1906). 

(5) Batis, A. K., and Matrack, M. B.: Mode of 
action of pancreatic lipase. J. Biol. Chem. 123: 
679-686 (1938). 


(6) MENTEN, M. L., JunGeE, J., and Green, M. H.: A 
coupling histochemical azo dye test for alkaline 
phosphatase in the kidney. J. Biol. Chem. 153: 
471-477 (1944). 

(7) Manuermmer, L. H., and Seticman, A. M.: Im- 
provement in the method for the histochemical 
demonstration of alkaline phosphatase and its use 
in a study of normal and neoplastic tissues. J. 
Nat. Cancer Inst. 9: 181-199 (1948). 

(8) Seriaman, A. M., and Manuerer, L. H.: A new 
method for the histochemical demonstration of 
acid phosphatase. J. Nat. Cancer Inst. 9: 427-434 
(1949). 

(9) Mattory, F. B.: Pathological technique. W. B. 
Saunders Co., Philadelphia (1938). 

(10) Micuaruis, L.: Diethyl barbiturate buffer. J. 


Biol. Chem. 87: 33-35 (1930). 


(11 


(16 


(12 
(13 
(14 
(15 
= 


tion 
lear- 
sult 
vity. 


non- 


kaline 
. 153: 


In- 
omical 
its use 


THE HISTOCHEMICAL DEMONSTRATION OF ESTERASE 425 


(11) Srarrorp, R. O., and Atkinson, W. B.: Effect of 
acetone and alcohol fixation and paraffin embedding 
on activity of acid and alkaline phosphatases in rat 
tissues. Science 107: 279-281 (1948). 

(12) Huaarns, C., and Mov tron, H.: Esterases of 
testis and other tissues. J. Exper. Med. 88: 169- 
179 (1948). 

(13) Porter, A. E.: The distribution of esterases in the 
animal body. Biochem. J. 10: 523-533 (1916). 

(14) Haui, G. E., and Lucas, C. C.: Acetyleholine— 
choline-esterase system. J. Pharmacol. & Exper. 
Therap. 61: 10-20 (1937). 

(15) Cuerry, I. S., and L. A. Jr.: Speci- 
ficity of pancreatic lipase: its appearance in the 
blood after pancreatic injury. Am. J. Physiol. 100: 
266-273 (1932). 

(16) Fatx, K. G., Noyes, H. M., and Svarura, K.: 
Studies on enzyme action; comparative lipase 
and protease actions of the Flexner-Jobling rat 


carcinoma and of different rat tissues. J. Biol. 
Chem. 59: 183-212 (1924). 

(17) Gomori, G.: Microtechnical demonstration of sites 
of lipase activity. Proe. Soc. Exper. Biol. & Med. 
58: 362-364 (1945). 

(18) B., Munpett, D. B., and Rupney, H.: 
Studies on cholinesterase; specific tests for true 
cholinesterase and pseudo-cholinesterase. Biochem. 
J. 37: 473-476 (1943). 

(19) Sawyer, C. H., and Everett, J. W.: The distribu- 
tion of choline esterase. Am. J. Physiol. 148: 675- 
683 (1947). 

(20) Ricuter, D., and Crort, P. G.:: 
Biochem. J. 36: 746-757 (1942). 

(21) Matrnes, K.: Action of blood on acetylcholine. 
J. Physiol. 70: 338-348 (1930). 

(22) Gomori, G.: Histochemical demonstration of sites 
of choline esterase activity. Proc. Soc. Exper. 
Biol. & Med. 68: 354-358 (1948). 


Blood esterases. 


on 
ith 
ns 
of 
igh 
yl- 
of 
say 
ph- 
ich 
ect 
by 
Was 
Lich 
ve 
her- 
line 
ain, 
art, 
not 
as a 
a 
4 
=. 
as. J. 
A new 
ion of 
27-434 
W. B. 


Ir 
that 
beta 
thar 


By A 
whe 
Tea 
not 
bet 
tho 
the 
que 
is 
niu 
slo’ 
the 
i] 
Can 
In p 
Diy 


A NEW METHOD FOR THE HISTOCHEMICAL DEMONSTRATION OF ACID 
PHOSPHATASE ! ? 


By ARNOLD M. SELIGMAN, assistant professor of surgery, and LEoN H. MANHEIMER, research associate, Kirstein Laboratory 
for Surgical Research, Beth Israel Hospital, Boston, and the Department of Surgery, Harvard Medical School 


INTRODUCTION 


In a previous publication (7), it was pointed out 
that (1) alkaline phosphatase hydrolyzed calcium 
beta naphthyl phosphate in tissues more readily 
than the alpha isomer (I) (chart 1) but that (2) 


OPO,CA OH 
ACID 
» 
PHOSPHATASE 
I 


CL 
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m 
N 
No 
INSOLUBLE 
> BROWN-RED PIGMENT 


CuHartT 1, 


whereas the presence of acid phosphatase was 
readily demonstrated with the alpha isomer, it was 
not visualized to any appreciable extent when the 
beta isomer was used as a substrate. This was 
thought to be due entirely to slow hydrolysis of 
the beta substrate by acid phosphatase. Subse- 
quent tests, however, have demonstrated that this 
isdue in part to the fact that coupling with diazo- 
hium compounds at pH 5 proceeds much more 
slowly with beta naphthol than with alpha naph- 


thol (II). 


‘Received for publication October 29, 1948. 
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Furthermore, it was found that alpha naphthol, 
when coupled with stabilized diazotized alpha 
naphthylamine (1), gave a brown pigment which 
was not so satisfactory as the purplish-red pig- 
ment produced with beta naphthol. A stabilized 
form of diazotized diorthoanisidine (1), which is 
available commercially, gave a satisfactory blue 
pigment with alpha naphthol in tissues rich in acid 
phosphatase (prostate), but in tissues containing 
lesser amounts of acid phosphatase, the longer in- 
cubation periods required resulted in considerable 
decomposition of the diazonium compound, with 
extensive brown staining of the background. A 
much more stable diazonium compound was found 
in diazotized l-amino anthraquinone (III). Cou- 
pling proceeded rapidly with alpha naphthol (11) 
at pH 5; a very insoluble, brown-red pigment was 
produced (IV), and incubation at room tempera- 
ture for as long as 24 hours, when required, did not 
cause excessive decomposition of the diazonium 
compound. 

A description of the method and of a few normal 
and neoplastic tissues stained in this way forms 
the basis of this paper. 


MATERIALS AND METHODS 


PREPARATION (2) OF ANTHRAQUINONE-1-DIAZONIUM 
CuuoripeE (III) # 


l-Amino anthraquinone (10 gm., Eastman’s 
technical grade) was obtained in a finely divided 
state by dissolving in 85 percent sulfuric acid and 
pouring into a large volume of water. The pre- 
cipitate was collected with suction and washed 
free from acid with water. The wet product was 
treated with concentrated hydrochloric acid (20 


>This diazonium compound is available commercially as “Naphthanil 
Diazo Red AL.” A sample of the powder, which contains 5 percent zine 
chloride and 12 percent aluminum sulfate, was provided through the courtesy 
of Dr. E. R. Laughlin, duPont de Nemours & Co., Boston. Although this 
powder gave equally satisfactory results with prostatic epithelium after 
1 hour’s incubation, different results were obtained in other tissues (liver 
and kidney) which required 24 hours’ incubation. It was found that the 
metal ions contained in this preparation completely inhibited the acid phos- 
phatase present in cell nuclei of these tissues, whereas the cytoplasmic acid 
phosphatase was altered slightly. This finding is suggestive of a third 
variety of acid phosphatase present in cell nuclei. 
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ce.) to form a grayish-white crystalline sludge. 
Diazotization was conducted at 30°-40° C. by 
running an equivalent of sodium nitrite (3.2 gm.) 
in 50 ce. of water under the surface with stirring. 
The reaction mixture was poured into 10 times its 
volume of water at 70°-80°. Another 0.5 gm. of 
sodium nitrite was added. The solution was fil- 
tered rapidly, and sodium chloride was added to 
salt out the diazonium chloride in shiny, yellow 
platelets. These were collected, washed with cold 
water, alcohol, and ether, and dried (8 gm., 66 
percent yield). Protected from light, it was 
stored at room temperature. Storage in the ice 
box for 18 months has not produced any deteriora- 
tion. 


SUBSTRATE 


The preparation of calcium alpha naphthyl 
phosphate (1) from alpha naphthol and phosphor- 
ous oxychloride in dry pyridine is described else- 
where (/). 

FIXATION oF TISSUES 


Tissues were fixed in cold acetone, and paraffin- 
embedded sections were obtained as described 
previously (1). It was found that acid phos- 
phatase was more extensively inactivated by al- 
cohol than by acetone, contrary to the observa- 
tions of others (3, 4), and so the tissues were never 
exposed to alcohol. 


Test 


PHOSPHATASE 


Paraffin-embedded sections were carried through 
xylol and acetone to water and incubated at room 
temperature in the following freshly prepared 
solution: Calcium alpha naphthyl phosphate (I), 
50 mg.; aerosol,’ 1 percent, 1 ce.; acetate buffer, 
pH 5.0, 10 ec.; sodium chloride, 4M, 90 cc.; and 
anthraquinone-1l-diazonium chloride (II]), 30 mg. 

The rate of reaction was accelerated by the use 
of aerosol. At first it was not clear whether this 
was due to increased solubility of the substrate, 
to increased rate of permeation of the tissue by 
the reagents, or to a direct activating effect on 
acid phosphatase. However, in experiments in 


4 Aerosol OT-345 was provided through the courtesy of American Cyana- 
mide Corp., Boston Office. 1t was dissolved in warm water without shaking. 

5 Acetate buffer (0.3M) was prepared by dissolving 20 gm. of sodium acetate 
and 5 ec. of glacial acetic acid in 100 cc. water. The pH was checked with a 
glass electrode. 


which the very water-soluble alpha naphthyl 
phosphoric acid ° was used as a substrate, the rate 
of reaction with acid phosphatase was similar to 
that of the calcium salt (I) and aerosol. Aerosol 
did not increase the rate of reaction with the phos- 
phoric acid substrate, but rather decreased it 
slightly. Therefore, it would seem that the accel- 
erating effect of aerosol on the phosphatase reac- 
tion was due to its solvent action on the poorly 
soluble calcium salt. 

Although acid phosphatase is slightly soluble in 
distilled water (5), it is very soluble in 1.1M_ so- 
dium chloride. Its solubility is decreased by 
further concentrations of sodium chloride (3-5M). 
Because long periods of incubation were often 
required, diffusion of the enzyme into the incu- 
bation medium and in the tissues could have been 
a serious disadvantage. The results with tissues 
were not improved by using higher than 5M 
concentrations of sodium chloride. 

The marked stability of anthraquinone-1- 
diazonium chloride (III) in aqueous solution made 
it possible to incubate tissues at temperatures as 
high as 35° C. The higher the temperature 
(6°-35°), the faster was the reaction rate and the 
shorter was the incubation period required for 
good staining. However, at higher temperatures 
and longer periods of incubation, the diazonium 
compound (III) decomposed to the hydroxy 
derivative more extensively, and yellow staining 
of the background increased. The best results 
were obtained at room temperature or somewhat 
lower. 

Only 1 hour of incubation was required by 
prostatic tissue of man and dog. Prostatic tissue 
of rat and mouse and all other human. tissues 
studied required 12-24 hours of incubation. A 
certain amount of yellow background straining 
was produced by slow decomposition of the dia- 
zonium compound during the long incubation 
periods. In those cases control slides were pre- 
pared by omitting the substrate from the incu- 
bation mixture. 

The incubation was terminated by washing the 
sections for several minutes in running water. 
Counterstaining was unnecessary because nuclei 


6 The preparation of this material will be described in a paper by O. M. 
Friedman and A. M. Seligman in the Journal of the American Chemical 
Society. 
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were found to contain acid phosphatase in higher 
concentration than the cytoplasm and, therefore, 
stood out clearly in the sections. Permanent 
mounts were made with Kaiser’s medium (J). 


RESULTS 


The distribution of acid phosphatase in normal 
tissues of human beings was found to be the same 
as that reported by others (6) with Gomori’s 
method (7). The tissues examined’ were liver 
(fig. 1), lung, kidney (pl. 1, B), pancreas, stomach, 
duodenum, colon, spleen, adrenal cortex (fig. 2, 
A), thyroid, and skeletal muscle. They were 
taken 3-6 hours after death. Greatest concen- 
trations were found in prostatic tissue (pl. 1, A, 
and fig. 2, B) of adult man (26 cases) and dog 
(6 cases). Hypertrophied prostatic tissues of 
man contained the enzyme in equivalent concen- 
tration and identical location. The prostate of a 
2-vear-old child contained only traces of the 
enzyme in the glandular cytoplasm. This finding 
is in accord with the findings of others using in 
vitro techniques (8). 
At the end of 1 hour’s incubation, a heavy 
deposit of pigment was seen in the nuclei and 
cytoplasm of adult prostatic tissue. In addition, 
light stain was seen in the stroma surrounding the 
glands, most intense in the stroma nearest to the 
glandular epithelium. Prolonged incubation deep- 
ened and extended the stromal stain and accentu- 
ated the periglandular fibrous stroma and nuclei 
of stromal cells. Prostatic tissue of the mouse 
(two and the rat (two cases) stained 
weakly, and required 24 hours of incubation to 
obtain a richness of staining comparable to the 
human prostate after 1 hour’s incubation. 
Undifferentiated carcinoma of the human pros- 
state (three cases) contained almost as much acid 
phosphatase as normal prostatic epithelium (fig. 
3,A). A heavy deposit of dye was visible within 
|hour in the nuclei and cytoplasm of cancer cells. 
The stroma stained less heavily. In one of the 
tases of undifferentiated carcinoma (a patient who 
lad had an orchidectomy 5 years previously and 
Was receiving stilbestrol therapy), acid phospha- 
lase was weak (fig. 3, B), approximately com- 
ptrable with that of prostatic tissue of the mouse. 


cases) 


"Photomicrographs were made by Leo Goodman. 
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INHIBITION OF AcID PHOSPHATASE WITH TARTARIC 


It is claimed that d-tartarie acid inhibits 
prostatic acid phosphatase and not serum acid 
phosphatase (9). Incubation of sections for 
acid phosphatase in the presence of 1-percent d-tar- 
taric acid at pH 5 for 24 hours produced some in- 
hibition of acid phosphatase in human prostatic 
epithelium with complete disappearance of peri- 
glandular stromal stain. No inhibition of acid 
phosphatase was seen in human skeletal muscle 
or dog prostate. Therefore, the acid phosphatase 
in the stroma of human prostate exhibits similar 
properties as that in prostatic epithelium but 
fails to exhibit this similarity when compared with 
the acid phosphatase found in serum and skeletal 
muscle. Since acid phosphatase has considerable 
solubility in physiological salt solutions, the 
possibility that stromal acid phosphatase might 
be due to postmortem diffusion from the glandular 
epithelium or diffusion during the incubation 
period appears likely. Furthermore, it was ob- 
served repeatedly that lowering the time of in- 
cubation, by the use of aerosol, reduced the 
heaviness of the periglandular staining. 

Incubation of sections for acid phosphatase in 
the presence of 4-percent tartaric acid for 24 hours 
produced complete inhibition of acid phosphatase 
in prostatic epithelial cytoplasm and cytoplasm of 
the stromal cells. However, acid phosphatase 
activity was intact in the nuclei of glandular 
epithelium, stromal nuclei, and in skeletal muscle 
(fig. 4). Prostatic tissue of the dog was only 
moderately inhibited with 4-percent tartaric acid 
but completely inhibited with 10 percent. Human 
skeletal muscle showed moderate inhibition of acid 
phosphatase with 10-percent tartaric acid. All 
other human tissues exhibited inhibition of acid 
phosphatase with 4-percent tartaric acid, except 
for spleen, which retained in part the activity of 
the enzyme in the pulp cells. 


DEMONSTRATION OF BotH ALKALINE AND ACID 


PHOSPHATASE IN THE SAME SECTION 


Because different pigments are produced by 
the methods of demonstrating alkaline (1) and 
acid phosphatase, it was possible to stain a single 
section with both methods. Sections, fixed in 


acetone, were first stained for alkaline phos- 
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Figure 1—A, Human liver. Acid phosphatase is concentrated in the eytoplasm of the cells in the periportal area and 


in all the hepatie cell nuclei. Stained by incubation for 24 hours at pH 5.0. Photographed through a green filter. 
150. B, Same section of periportal area. > 700. 


a and 
filter. PLate 1.—A, Human prostate. Acid phosphatase is concentrated in glandular epithelium and 


periglandular tissue. Stained by incubation for 1 hour at pH 5.0. X 120. B, Human kidney. 
Acid phosphatase is concentrated in tubular epithelium and glomeruli. Cell nuclei exhibit par- 
ticularly high acid phosphatase activity. Stained by incubation for 24 hours at pH 5.0. X 120. 
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B 


Figure 2.—A, Human adrenal. 


Acid phosphatase is present in the cytoplasm and nuclei of cells in all layers of the 


adrenal cortex and in the adrenal medulla (extreme right). Concentration is greatest in cells of reticularis and least 
Incubated for 24 hours at pH 5.0. Photographed through a green filter. X 150. B, Human 
Detritus within the lumen of a gland is also 


in cells of glomerulosa. 
150. 


Acid phosphatase is concentrated in the glandular epithelium. 


Periglandular stroma contains very little phosphatase. Incubated for 1 hour at pH 5.0. 


prostate. 
rich in phosphatase. 
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Figure 3.—A, Human undifferentiated carcinoma of prostate. 

cells and stroma. Ineubated for 12 hours at pH 5.0. (S-47-246). B, Human undifferentiated carcinoma of 
prostate of patient who had an orchidectomy 5 years earlier and wes sti!l receiving stilbestrol therapy. Acid phosphatase 
is concentrated in varying amounts in pleomorphic cancer cells; stroma is weak in phosphatase. Inecubated for 24 hou!s 
at pH 5.0. Photographed through a green filter. 150. (S—48—2098.) 


Acid phosphatase is heavily concentrated in the tumor 
x 150. 
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tumor 

yhatase Figure 4.—A, Human prostate. Incubation in the presence of 4-percent tartaric acid for 20 hours at pH 5.0 with complete 
‘ sont inhibition of acid phosphatase in eytoplasm of epithelial and stromal cells. Acid phosphatase in nuclei of epithelial 


cells and nuclei of stromal cells is intact. X 150. B, Human skeletal muscle. Incubated simultaneously with section _ 
4, A. No inhibition of phosphatase in muscle cells and nuclei. XX 150. " 
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phatase (7), washed in distilled water for 1 minute, 
and then stained for acid phosphatase. The 
reverse procedure was not satisfactory probably 
because the longer incubation at acid pH in- 
activated alkaline phosphatase. 


DISCUSSION 


Advantages of the method herein given over 
that of Gomori (7) are inherent in the avoidance 
of heavy metals, in the marked insolubility of the 
azo dyes produced, and in the great sensitivity 
provided by the colored pigments. Background 
staining by the decomposing diazonium com- 
pound, in tissues requiring incubation for as long 
as 24 hours, offers a serious disadvantage, Le., 
control slides, prepared by omitting the substrate 
from the incubation mixture, are required to 
determine whether faint stain is due to traces of 
phosphatase or not. Other substrates which give 
a colorless, insoluble naphthol derivative on hy- 
drolysis but which yield blue pigments with the 
appropriate diazonium salt are under investigation. 

Evidence for the occurrence of at least two 
varieties of acid phosphatases is substantiated. 
One occurs in the cytoplasm of prostatic epithelial 
cells and in lesser amount in the cytoplasm of 
stromal cells of the prostate, the other in the 
nuclei of prostatic epithelial cells and of stromal 
cells, in skeletal muscle, and in normal serum (9). 
Presumably, the former is also found in the serum 
of patients with prostatic carcinoma. It is possible 


that the substrate used in the present method is 
more readily hydrolysed by cytoplasmic prostatic 
acid phosphatase (1 hour) than by the phosphatase 
in nuclei and other tissues (24 hours). The more 
obvious explanation of the difference in activity 
as due to a difference in the concentration of the 
two enzymes is probably not entirely correct. 
Such striking differences in stain have not been 
emphasized by others (6, 7) using other sub- 
This would lead one to suspect that the 
substrates used by others are hydrolyzed equally 
well by both types of acid phosphatase and that 
this is not the case with alpha naphthyl phosphate. 
That there are species differences in the activity of 
acid phosphatase in homologous tissues has been 
observed by others (4, 6, 7, 8) and is herein corrob- 
orated in respect to the prostate. 

The marked drop in the elevated serum acid 
phosphatase of patients with prostatic cancer 
following castration or estrogenic therapy (10) 
is in accord with the observation (fig. 3, B) of low 
phosphatase content in a prostatic cancer from 
a patient so treated. 


strates. 


SUMMARY 


A new method is presented for the localization 
of acid phosphatase in tissues. By the use of the 
azo-ve technique, alkaline and acid phosphatase 
may be portrayed on the same slide by different 
colored pigments. Evidence is presented for the 
existence of two varieties of acid phosphatases. 


REFERENCES 


Manuermer, H., and Serigman, A. M.: Im- 
provement in the method for the histochemical 
demonstration of alkaline phosphatase and its use 
in a study of normal and neoplastic tissues. J. Nat. 
Cancer Inst. 9: 181-199 (1948). 


~ 


(2) Saunpers, K. H.: The aromatie diazo compounds 
and their technical applications. Longmans, Green 
& Co., New York (1936). 

(3) Srarrorp, R. O., and Atkinson, W. B.: Effect of 
acetone and alcohol fixation and paraffin embedding 
on activity of acid and alkaline phosphatases in 
rat tissues. Science 107: 279-281 (1948). 

(4) Deane, H. W., and Dempsey, E. W.: Localization 
of phosphatases in Golgi region of intestinal and 
other epithelial cells. Anat. Ree. 93: 401-417 (1945). 

(5) Pertmann, G. E., and Ferry, R. M.: Note on the 


separation of kidney phosphatases. J. Biol. 
Chem. 142: 513-517 (1942). 


(6) Wor, A., Kapat, E. A., and Newman, W.: Histo- 
chemical studies on tissue enzymes; study of distri- 
bution of acid phosphatases with special reference 
to nervous system. Am. J. Path. 19:423-440 
(1943). 

(7) Gomort, G.: Distribution of acid phosphatase in the 
tissues under normal and under pathologie condi- 
tions. Arch. Path. 32: 189-199 (1941). 

(8) Gutman, A. B., and Gutman, E. B.: “Acid” phos- 
phatase and functional activity of prostate (man) 
and preputial glands (rat). Proc. Soc. Exper. 
Biol. & Med. 39: 529-532 (1938). 

(9) Arnut-Fap., M. A. M., and Kina, E. J.: The inhi- 
bition of acid phosphatase by d-tartrate. Biochem. 
J. (Proc.) 42: xxviii (1948). 

(10) Hucerss, C., and Hopags, C. V.: Studies on prostati¢ 
cancer; effect of castration, of estrogen and of 
androgen injection on serum phosphatases in metas- 
tatic carcinoma of prostate. Cancer Research 
1:293-297 (1941). 


cho 
the 

The 
glar 
and 
and 


corr 
of t 
to 3 
first 
here 
inve 
Ace 
lipas 
(6) 
actin 


norr 
3 ti 
thre 
1 af 
pain 
divic 
afte 
3 tir 
that 
addi 
cinol 
forty 
skin 
Mon 


Te 
hiqu 


| 

grate 
chen 
temy 
Ree 
? Aid 
Society 


l is 
tie 
ase 
ore 
‘ity 
the 
Pct. 
een 
ub- 
the 
ally 
hat 
ate. 
v of 
een 
rob- 


acid 
neer 
(10) 

low 
rom 


tion 
the 
rent 
the 


Ss. 


Listo- 
listri- 
‘rence 
3-440 


in the 
-ondi- 


phos- 
(man! 
)xper. 


inhi- 
chem. 


ystatic 
nd of 
metas- 
search 


LIPASE ACTIVITY DURING EXPERIMENTAL EPIDERMAL CARCINOGENESIS ! ? 


By 8S. K. Kune, M. D., Barnard Free Skin and Cancer Hospital and Washington University School of Medicine, St. Louis, 
Missouri; Department of Pathology, National Defense Medical Center, Shanghai, China 


Cutaneous applications of 0.6-percent methyl- 
cholanthrene bring about remarkable changes in 
the chemical structure of the skin of mice (J). 
The methylcholanthrene enters the sebaceous 
glands within a few minutes after its application, 
and most of the sebaceous glands degenerate 
and disappear by about the fifth day (2). Probably 
correlated with this are reductions in the amounts 
of total lipid and cholesterol within the epidermis 
to approximately 50 percent of normal in the 
first 5 days or earlier (3, 4). The experiments 
here reported are an effort to extend this line of 
investigation by determinations of lipase activity. 
According to Gomori (5) normal skin is without 
lipase activity, though Montagna and Hamilton 
(6) state that sebaceous glands do exhibit lipase 
activity. 

MATERIAL AND METHODS 


The material consisted of skins of: (1) 20 
normal Swiss mice; (2) 10 Swiss mice painted 
3 times weekly with 0.6-percent methylcholan- 
threne in benzene; 3 killed after 3, 2 after 6, 
l after 12, 1 after 15, 1 after 18, and 2 after 24 
paintings; (3) 15 Swiss mice in groups of 3 in- 
dividuals killed respectively 1, 2, 3, 4, and 5 days 
after a single painting; (4) 3 Swiss mice painted 
3 times in 1 week and killed on the twelfth day, 
that is, 5 days after the last painting; (5) and in 
addition, 7 transplants of a squamous-cell car- 
cinoma resulting from methylcholanthrene in the 
forty-sixth and forty-seventh generation. The 
skin of one hamster was examined because 
Montagna and Hamilton used this animal. 


EXPERIMENTAL PROCEDURE 


To determine lipase activity, Gomori’s (7) tech- 
hique was employed. In its application I am 
grateful for suggestions to Dr. E. Roberts, Bio- 
chemist of this Hospital. Because anyone at- 
tempting to repeat the observations described in 
' Received for publication November 23, 1948. 


: ? Aided by grants from the National Cancer Institute, American Cancer 
‘oclety, and Charles F. Kettering Foundation. 


this paper should know exactly how to use the 
method, the following details are given: 


(1) Spread a piece of fresh skin from the back on a 
cover glass. 

(2) Fix in chilled acetone (2 changes) in the ice box, 
12-24 hours. 

(3) Dehydrate in acetone (2 changes) at room tempera- 
ture 12-24 hours. 

(4) Place in xylol (2 changes) until the tissue becomes 
transparent, 2-4 hours. 

(5) Transfer to paraffin (melting point 56-58° C.) for 
2-4 hours. (If longer than 5 hours, lipase becomes 
reduced.) 

(6) Embed and cut sections 5-8 microns. 

(7) Remove paraffin in xvlol, and pass through absolute 
alcohol, 0.5-percent collodion in aleohol-ether, and 95 
percent alcohol to water. 

(8) Incubate sections for 40-48 hours at 37° C. in the 
following substrate solution: 

Before use, add 2 ee. of II to 50 ce. I and adjust 
pH to 7.0-7.1. I=glyeerin, 150 ec.; aq. dest., 1,000 
ee. Il=Tween 40, 5 gm.; aq. dest. 95 ce. Although 
this mixture does not contain a buffer, the incubation 
of the tissue section in it does not change the pH 
appreciably. 

(9) Rinse slightly in aq. dest. 

(10) Transfer to a 1-2 percent aqueous lead nitrate, 
10-15 minutes. 

(11) Rinse thoroughly in repeated changes aq. dest. 
(3-4 times). 

(12) Transfer to dilute yellow ammonium sulfide (10-15 
drops of reagent grade vellow ammonium sulfide solution 
to a Coplin jarful of aq. dest.) for 1-2 minutes. The sites 
of lipase activity soon show as brown or dark brown areas 
under the microscope. 

(13) Wash in tap water. 

(14) Lightly counterstain with hematoxylin. 

(15) Wash in tap water. 

(16) Dehydrate in 95-percent alcohol and absolute 
alcohol. 

(17) Clear in lead-free gasoline and mount in clarite 
dissolved in the same solvent (xylol or toluol are not suita- 
ble because they cause fading). 


In such preparations areas of lipase activity are 
dark brown in color under microscopic examina- 
tion with direct illumination, but they show up 
more clearly in the dark field by the bright reflee- 
tion of light. Crystals of fatty acid are present 
in these areas. That they actually represent the 
localization of lipase activity is proved by the 
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presence of these crystals and by the fact that the 
reaction is abolished by (1) fixation in formalin 
or Bouin’s fluid, (2) exposing the sections after 
removal of paraffin to boiling water for 3-5 min- 
utes, and (3) omitting incubation in the substrate. 
RESULTS 

Normal Skin.—Both the sebaceous glands and 
the subcutaneous fatty tissue exhibited lipase 
activity. 
is placed entirely on photomicrographs of dark 
field preparations, because the brown coloration 


To illustrate this localization reliance 


is not adequately represented in photographs made 
with direct illumination. 

Figure 1 is a photomicrograph of a dark field 
preparation showing a positive Gomori reaction. 
Bright light reflected from two sebaceous glands 
is clearly seen near the right and left margins. 
An elongated portion of another sebaceous gland 
is above the one on the left. Upper left hair shaft 
is homogeneously bright. The light reflecting 
materials of the fatty tissue are below the seba- 
ceous glands in the figure. 


Figure 1.—Positive Gomori reaction of sebaceous glands 
in sections of normal mouse skin. > 350 
Figure 2 is a control, that is, a similar photo- 
micrograph of a section not incubated in the 
substrate solution. In this the hazy substance of 
two sebaceous glands (gl) can be distinguished a 
little above the center, as well as the texture of the 
fatty tissue (f), but the light reflecting material 
so conspicous in figure 1 is wholly absent. 
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Ficure 2.—Control for Figure 1. Similar tissue not ineu- 
bated in substrate solution. ™& 350 


Sections of normal kidney and livers of mice 
showed both the brown coloration in direct illuma- 
tion and the bright reflection in the dark field 
indicative of lipase activity of sebaceous glands 
and subcutaneous fatty tissue of normal mice. 

Skin painted with methyleholanthrene.—Changes 
were observed in the sebaceous glands as early as 
1 day after a single application of methylcholan- 
threne. At this time the sebaceous cells were 
swollen. Their cytoplasm showed vacuolation 
and hydropic degeneration. Their nuclei were 
in process of degeneration, and some were de- 
stroved. Apparently some sebaceous glands had 
disappeared since their number was_ reduced. 
The persistent glands exhibited lipase activity, 
but it was weaker than normal. The fatty tissue, 
however, retained its normal appearance and 
degree of lipase activity. 

After 2 days these alterations in the sebaceous 
glands were more pronounced. Many sebaceous 
glands were still feebly lipase positive, but some 
were lipase negative showing that loss of lipase 
activity precedes the final degeneration and dis- 
appearance of the glands. The fatty tissue, 
however, remained strongly lipase positive. 

After 3 days most of the sebaceous glands had 
disappeared. The few remaining ones were in- 
variably devoid of lipase activity. The fatty 


tissue showed some lipase activity, which was, 
however, weaker than normal, while in a few areas 
On about 


this activity was altogether absent. 
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the fifth day all lipase activity of the fatty tissue 
was lost. 

In all stages of response to methylcholantbrene 
the epidermis was lipase negative as were also the 
papillomas and the primary cancers and cancer 
transplants (figs. 3 and 4). 


Figure 3.—Section of hyperplastic epidermis and under- 
lving dermis after 18 cutaneous applications of 0.6- 
percent methyleholanthrene within 40 days. The 
Gomori reaction is negative as evidenced by the absence 
of bright light reflecting material. gl=sebaceous glands. 


Ficure 4.—Section of hyperplastic epidermis and malig- 
nant cells in the underlying dermis after 12 cutaneous 
applications of methylecholanthrene within a period of 34 
days. The Gomori reaction is negative. gl=sebaceous 
glands. ca=carcinoma. 


Control applications of benzene alone to mouse 
skin are not followed by cancer. Because loss of 
lipase activity occurs, as herein reported, in the 
first 5 days after treatment with methyleholan- 
threne in benzene, it was thought sufficient as con- 
trol to examine the skin of a mouse on each of 
5 days after one painting with pure benzene. On 
the third and fifth days the epidermis was slightly 
thickened in a few areas. On the fifth day a slight 
cellular infiltration was noted in the dermis. At 
no time in this 5-day period was any decrease in 
lipase activity observed in the sebaceous glands or 
in the subcutaneous fatty tissue. Evidently loss 
of lipase activity in the carcinogenic series, first in 
the sebaceous glands and somewhat later in the 
fatty tissue, was correlated with the presence of 
methylcholanthrene in the benzene and may well 
be a factor in epidermal carcinogenesis. 


DISCUSSION 


The first point to be noted is that lipase activity, 
detectable by the Gomori method, is absent in 
normal epidermis of the Swiss mice examined. 
The outer part of this lipase-free epidermis is 
normally conditioned by the sebum of sebaceous 
glands possessed of strong lipase activity. 

Decrease in lipase activity of sebaceous glands 
is noticeable 1 day after the penetration into them 
of methylcholantbrene. After an additional 2 
days, lipase activity is no longer demonstrable by 
this technique in the few remaining sebaceous 
glands. 

The sebum produced by degenerating sebaceous 
glands which are rapidly losing their lipase activity 
differs from normal sebum perhaps in other prop- 
erties than in fatty acid content. What part this 
plays in epidermal carcinogenesis is at present 
speculative only. 

The methylcholanthrene and/or its products, 
reach the subcutaneous fatty tissue not in a matter 
of minutes but after several days. This may ex- 
plain the delay in loss of lipase activity originally 
quite marked in these fatty tissues. This aboli- 
tion of lipase activity is not to be ignored when 
attempts are made to integrate the changes that 
occur in the dermis during epidermal carcinogenesis 
induced by methylcholanthrene. It would tend 
to alter the dermal lipid content. Other altera- 
tions in dermis, soon to be reported by members 
of the Barnard Hospital Reaserch ieam, are volu- 
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metric changes and decrease in elastic tissue by 
C. K. Ma (8) and the influence of the spreading 
factor, hyaluronidase, on mast cells in the dermis 
by 8S. C. Ma (9). Obviously, the epidermis, in 
which the actual malignant transformation occurs, 
is influenced by what seeps into this avascular 
sheet of tissue from the underlying dermis, while 
invasion of the dermis by cancer cells is conditioned 
by its chemical and physical properties. 


SUMMARY 


Employing the Gomori technique, it was found 
that only the sebaceous glands and fatty tissue 
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exhibit lipase activity in the skins of normal Swiss 
mice. 

One day after a single cutaneous application of 
0.6-percent methylcholanthrene in benzene, lipase 
activity of the sebaceous glands begins to fail. 
It is not detectable by the method employed after 
3 days. 

Three days after similar treatment, lipase 
activity is noticeably reduced in the dermal fatty 
tissue and is not visualized after 5 days. 

No lipase activity is demonstrable by this 
technique in normal epidermis, hyperplastic pre- 
cancerous epidermis, benign papillamota, and 
squamous-cell cancers. 
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SOME OBSERVATIONS ON THE MITOCHONDRIA OF NORMAL AND NEOPLASTIC CELLS 
WITH THE ELECTRON MICROSCOPE ! 


By A. J. Dauron, H. Kau er, M. G. Ke tty, B. J. Ltoyp, and M. J. Srriesicn, National Cancer Institute, National Institutes 
of Health, Public Health Service, Federal Security Agency 


The results of recent studies on the enzyme 
pattern and on quantitative basic analyses of 
mitochondria using differential centrifugation as 
a means of isolation include evidence indicating 
that these cytoplasmic organelles are qualitatively 
different from the ground cytoplasm (1-3). In a 
preliminary study of the morphology of mito- 
chondria Claude and Fullam (4) stated that “‘cer- 
tain aspects of mitochondria in the electron 
microscope suggest that these elements are sur- 
rounded by a differentiated membrane.’ More 
recently Zollinger (5) has presented evidence from 
studies with the phase contrast microscope point- 
ing in the same direction. Our studies during the 
past year (6, 7) give evidence that in their detailed 
morphology, mitochondria are qualitatively differ- 
ent from all other particulate components of the 
cytoplasm. Using the differential centrifugation 
technique mitochondria have been studied from 
normal hepatic cells and from cells of several 
tumor types in stained smears with the light 
microscope, in fresh preparations with the phase 
contrast microscope, and in fixed, dehydrated 
material with the electron microscope. The 
results include what appears to be definitive 
evidence that mitochondria are not coacervate in 
nature but rather possess a differentiated surface 
membrane which in fresh material is semipermi- 
able. 


MATERIALS AND METHODS 


Hepatic tissue from normal C3H mice, trans- 
planted spontaneous hepatoma 98/15 (8) and in- 
duced hepatomas of the same strain, the Cloud- 
man S-91 melanoma ? and S-37 were used in these 
studies. All normal livers were first perfused with 
a cold (+2° to 5° C.) solution of the same kind 
and concentration as that used in the actual 
centrifugation, e. g., if it were planned to centrifuge 
material in physiological saline, 2 ce. of 0.85- 


' Received for publication January 12, 1949. 
?The Cloudman §-91 melanoma was obtained from Dr. Glenn H. Algire 
of the National Cancer Institute. 


percent NaCl was introduced through the inferior 
vena cava and allowed to drain out through the 
hepatic portal vein severed near the duodenum. 
After perfusion, all subsequent treatment except 
fixation was carried out in a cold room kept at 
+2° to 5°. Following perfusion, tissues were 
either homogenized in a Potter-Elvehjem homo- 
genizer (9) or forced through a tissue press with 
moderate pressure. With the latter method a 
piece of muslin cloth was placed over the metal 
grid of the press to obtain maximum cell breakage 
with minimal damage to nuclei. 

The reaction of mitochondria to various con- 
centrations of electrolytes and nonelectrolytes | 
was studied. Sodium chloride in concentrations 
of 0.1, 0.2, 0.4, 0.85, 2.0, 4.0, 5.8, 8.0, and 10.0 per- 
cent was tested. Combinations of electrolytes 
including Earle’s mixture (10) and Chamber’s 
solution for cytoplasm (11) were also tested. Fol- 
lowing the lead of Hogeboom, et al. (2), a series of 
sugars: sucrose, mannose, trehalose, melezitose, 
glucose, maltose, and derivatives of sugars; 
erythritol, sorbitol, and mannitol, and, in addition, 
glycerol were tested for their effects on mitochon- 
dria. In this series, in the instances where their 
solubilities allowed it, the compounds with the 
exception of sucrose were tested in molar concen- 
tration. When this was not possible, the com- 
pounds were tested in a solution saturated at +5° 
C. Mitochondria were also studied following 
transfer to distilled water after isolation in both 
physiological saline and 0.88 molar sucrose, and 
mitochondria isolated in 0.88 molar sucrose were 
studied after transfer to physiological saline. 

The isolation procedure was checked after each 
centrifuging with (1) smears fixed with heat and 
stained with Bensley-Cowdry acid fuchsin-methyl 
green stain for mitochondria for a semipermanent 


_record; (2) fresh preparations of sediment and 


supernate observed with the phase contrast 

microscope; and (3) smears fixed with osmic acid 

vapor for from 7 to 30 minutes on formvar screens 

for examination with the electron microscope. 
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RESULTS 


We have been able to confirm the findings of 
Hogeboom, et al. (2) that electrolytes generally 
cause agglutination and clumping of mitochondria 
when used as a suspending medium for centrifuga- 
tion. Yields of mitochondria were found to be 
greatest by using the centrifugation speeds and 
times listed in table 1. The yields were found to 
be directly proportional to the rapidty with 
which the first series of centrifugations were car- 
ried out. In other words the more rapidly the 
nuclei and cell debris were removed, the fewer were 
the mitochondria lost through agglutination and 
clumping. In 40 separate experiments with saline 
the highest vields averaged 250 mg. dry weight of 
mitochondria from 15 gm. wet weight of liver. In 
contrast to that obtained with liver tissue, the 
highest vield of mitochondria from 15 gm. of 
hepatoma was 75 mg. These yields compared 
favorably with those in which 0.88 molar sucrose 
was used as a suspending medium. 


Taste 1.—Proecedure used to isolate mitochondrial fraction 
from mouse hepatic cells in physiological saline 


Centrifuga*ion 


Supernatant Pellet 
Force Dura ion 
Times 
gravity Minutes 
7 Recentrifuged Disearded 
soo 2 do do 
1.000 1 do Do. 
1.000 1 do Do. 
1,500 30) «~Disearded Resuspend and recentrifuge. 
1,40 do Do. 
1,500 0 do Do. 
1.500 10 do ; Do. 
1,500 do Resuspend in stall amount 


0.85-percent NaCl freeze, ly- 
ophilize. 


We have also confirmed the finding of Hogeboom, 
et al. (2) that mitochondria isolated in the lower 
concentrations of electrolytes regularly show 
enspherulation (fig. 1). in ‘he better prepara- 
tions there was little evidence of swelling or frag- 
mentation. However, with increasing concen- 
trations of saline, up to and including 5.8 percent 
(molar), more numerous filamentous forms were 
noted in the fresh preparations. In cold molar 
saline, mitochondria were found to retain their 
filamentous form for relatively long intervals—in 
some instances for as long as 4 hours. Liver 
tissue suspended in this concertration of saline 


was very difficult to work with, however. The 
tissue mash became very viscous and _ stringy, 
making homogenization and resuspension difficult. 
This effect is probably due to solubility of nucleo- 
proteins in molar saline, yielding a viscous solu- 
tion. 

The presence of salt crystals on the screens of 
mitochondria fixed and dried directly from saline 
for electron microscope study interfered with 
observation. For this reason mitochondria iso- 
lated in saline were resuspended in distilled water, 
transferred to formvar screens and fixed in osmic 
acid vapor at +40° C. for 7 minutes. After fixa- 
tion the mitochondria were allowed to dry at 
room temperature. Examination of these mito- 
chondria under the electron microscope revealed 
a series of stages in their distintegration. Figure 
2 shows beginning rupture of the surface mem- 
brane of a mitochondrion with release of con- 
tained material. Figure 3 shows a later stage in 
which the surface membrane is clearly visible with 
more of the mitochondrial material released. 
Figure 4 demonstrates the thinness of the surface 
membrane, and figure 5 shows a tear in the mem- 
brane. Figure 6 shows the wrinkling of the mem- 
brane in another mitochondrion. Similar changes 
have been observed in mitochondria following 
transfer from (.88 molar sucrose to both distilled 
water and 0.85-percent NaCl. Swelling with 
rupture of the mitochondrial membrane occurs 
much more rapidly upon transfer from 0.88 molar 
sucrose to 6.85-percent NaCl than it does when 
mitochondria are isolated and retained in 0.85- 
percent NaCl. 

As indicated previously, mitochondria isolated 
in molar saline retain their filamentous form for 
3 to 4 hours at +5° C. This is also true in some 
of the nonelectrolytes tested. In confirmation of 
Hogeboom, et al. (2), of the sugars tested, melezi- 
tose, maltose. and, in addition, trehalose appeared 
to preserve mitochondrial form as well as sucrose. 
Of the simpler derivatives of sugars, mannitol gave 
the best results. With this compound, however, 
mitochondria enspherulate rapidly on reaching 
room temperature. Figures 7, 8, and 9 show the 
form of mitochondria as isolated in molar saline, 
16-percent mannitol and 0.88 molar sucrose, re- 
spectively. No differences in detailed structure 


of mitochondria were detectable after being iso- 
lated in these three media. 
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Figure 1.—Enspherulated mitochondrion from liver isolated in 0. 85% saline.’ 


Ficure 2.—Beginning rupture of mitochondrial membrane. Liver mitochondria isolated in 0.85-percent saline and 
transferred to distilled water before fixation. 


Figure 3.— Mitochondrion from liver tissue showing loss of material from within the mitochondrial membrane. Material 
prepared as in figure 2. 


Figure 4.—Mitochondria! membranes overlapping, showing the thinness of the membrane. Material prepared as in 
figure 2. 


3All material was fixed in osmic acid vapor for from 7 to 30 minutes, and all figures except figures 14 and 15 are magnified 22,000 times. 
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Figure 5.— Material prepared as in figure 2 showing a tear in the mitochondrial membrane. 


Figure 6.— Material prepared as in figure 2 showing wrinkling of a mitochondrial membrane. 


In examining a large number of screens of mito- 
chondria from normal liver, no unusual forms were 
encountered. Mitochondria were either naturally 
spherical, enspherulated from treatment as in 
0.85-percent saline, or showed some degree of 
elongation as when isolated in 0.88 molar sucrose. 
The types most frequently seen varied between 
those shown in Figure 10, A and B. There was 
occasionally evidence of blebbing at one or both 
ends of the mitochondria but this was rare. No 
branching or angular forms were found in any of 
the material. 

Sections of transplanted spontaneous hepatoma 
98/15 (8) fixed in Regaud and stained with iron 
hematoxylin contained what appeared to be pre- 
dominantly spherical mitochondria with a few 
filamentous and rodlike forms. Electron micro- 
scopic preparations of the same material isolated 
in 0.88 molar sucrose while containing a higher 
proportion of spherical mitochondria than prepa- 
rations from normal liver, nevertheless, contained 
fairly numerous filamentous and short rodlike 
mitochondria (fig. 11). 

A simple, rapid, and reliable smearing technique 
has been developed for examining mitochondria 
directly in whole cells and cell fragments. Liver 
tissue was prepared by perfusing with cold 0.88 
molar sucrose in the usual manner. One part 


liver to 5 parts 0.88 molar sucrose was then 
homogenized in a glass homogenizer for a total of 
approximately 10 minutes. The resulting homog- 
enate was then smeared on glass slides which had 
previously been covered with formvar film. After 
smearing, the slides were transferred quickly to 
osmic acid vapor at 40° C. for 10 minutes and 
then allowed to dry at room temperature (Equally 
good or better results may be obtained by fixation 
in osmic acid vapor at room temperature for 
longer intervals). The sucrose was removed by 
washing for 10 minutes in distilled water, and the 
smears were again dried at room temperature. 
The formvar film was then stripped and floated 
on water onto wire screening. Circular areas were 
then punched out for examination under the elec- 
tron microscope. Material found satisfactory after 
examination was then gold- or chromium-shadowed 
for further study. 

In our experience, the mitochondria of many 
tumor cell types are more slender, tenuous, and 
fragile than those of liver cells. Thus, they 
have not maintained their normal shape during 
the process of differential centrifugation, even in 
cold 0.88 molar sucrose, whereas liver cell mito- 
chondria show no change during this procedure. 
This applies to hepatoma induced with CCh, 
spontaneous hepatoma 98/15, and to sarcoma 


so 
& 


then 
tal of 
mog- 
1 had 


After 


jually 
cation 
‘e for 
ed by 
nd the 
ature. 
loated 
were 
e elec- 
y after 
dowed 


many 
s, and 

they 
during 
ven in 
mito- 
-edure. 
CCh, 


ircoma 


SOME OBSERVATIONS ON THE MITOCHONDRIA OF NORMAL AND NEOPLASTIC CELLS WITH THE ELECTRON MICROSCOPE 443 


5-37 and melanoma S-91. Using this smearing 
technique with freshly prepared homogenates, 
however, preparations of all four tumors have been 
obtained in which filamentous mitochondria were 
readily demonstrable under the electron micro- 
scope. Figure 12 shows filamentous mitochondria 
in hepatoma 98/15. Figure 13 shows the fila- 
mentous mitochondria of sarcoma S-37, and 
figures 14 and 15 show filamentous and spherical 
mitochondria (figure 14 also shows what appear 
to be melanin granules) present in a melanoblast 
cell of melanoma S-91. The mitochondria in 


figure 13 are similar to those described by Porter, 
et al. (12) in tissue culture preparations of fibro- 
blastlike cells from the chick embryo. 

Smears prepared in this way with preliminary 
homogenization in cold 0.88 molar sucrose gave 
consistently better preservation of mitochondrial 
form than contact smears made directly from the 
tissues. Examination of a series of screens from 
each of several samples of tumor tissue allows the 
observer to obtain a reasonably accurate idea of 
the preponderant mitochondrial type for any 
given tissue, organ, or tumor. This, of course, 


Figure 7.—Filamentous mitochondria from liver 
tissue isolated in molar saline. Gold shadowed. 


Figure 8.—Filamentous mitochondrion from liv- 


er tissue isolated in 16-percent mannitol. Gold 
shadowed. 

Ficure 9.—Filamentous mitochondrion from 
liver tissue isolated in 0.88 molar sucrose. Gold 


shadowed. The spherical bodies are of un- 
known origin and significance. 
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Ficure 10. 


A, Plump rodlike mitochondrion, and B, tenuous filamentous mitochondrion, 


Both A and B are from liver 


tissue isolated in 0.88 molar sucrose. 


Figure 11.—Filamentous and spherical mitochondria in spontaneous hepatoma 98/15 isolated in 0.88 molar sucrose. 
Much extraneous material is also present, because these mitochondria were not resuspended and recentrifuged. 


can be done with the phase contrast microscope 
for normal liver in which the minimal diameter of 
mitochondria is approximately 0.3 », but the di- 
ameter of many mitochondria in tumors is in the 
neighborhood of 0.2 u (on the borderline of resolu- 


tion of the light microscope). Such mitochondria, 
stainable with 0.002-percent Janus green B, show 
enspherulation, blebbing, and swelling when is0- 
lated in distilled water or hypotonic saline. 
They are visible with difficulty under the light 
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Figure 12.—Mitochondrion of hepatoma 98/15 homoge- 
nized in 0.88 molar sucrose and prepared by the smear 
technique. Gold shadowed. 


microscope and the phase contrast microscope, 
hence their exact morphology is difficult to ascer- 
tain. Filamentous and_ spherical bodies have 
been frequently found in melanoma S-91, sarcoma 
8-37, and hepatoma 98/15 which measure 0.1 4 
in diameter under the electron microscope, defi- 


nitely below the resolving power of the light 
microscope (fig. 14). 

These bodies have been identified provisionally 
as mitochondria because: (1) They possess the 
same relative density as the somewhat larger 
forms; (2) they have the same variations in shape; 
(3) when fixed after partial disintegration they are 
seen to possess membranes; and (4) stages in the 
loss of material from within them have been found 
which are identical with those found in the larger 
forms. 

There is the possibility that drying of the 
smears after fixation would cause considerable 
shrinkage and hence a decrease in the apparent 
diameter. Apparently flattening of mitochondria 
against the formvar film compensates, at least 
in part, for such shrinkage because the diameter 
of the large liver mitochondria as determined in 
fresh preparations is approximately the same as 
that found for similar mitochondria under the- 
electron microscope. There is no reason to 
believe that the amount of shrinkage would be 
any greater in the small than in the large forms. 

We have also observed the extreme variation in 
size noted by Claude and Fullam (4) when the 
mitochondria were isolated in 0.85-percent saline 
and transferred to distilled water before fixation. 
This wide range in size appeared to be an artefact, 


a 


Ficure 13.—Filamentous mitochondria in a cell of S-37 homogenized in 0.88 molar sucrose and prepared by the smear 
technique. 
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the result of swelling of intact mitochondria on 
the one hand and fragmentation of filaments into 
small spheres on the other. Both of these phenom- 
ena have been seen to occur under the phase con- 
trast microscope. Swelling and fragmentation 
occur very rapidly in saline homogenates at room 
temperature. The same changes occur in manni- 
tol, but more slowly, allowing time for more 
detailed observation. Spheres and rodlike forms 
tend to enlarge into a single swollen body with the 
membrane clearly visible and distinct from the 
mitochondrial contents. This contained material 
may remain within the membrane as described by 
Zollinger (5) but more frequently is extruded. 
Many of the long tenuous filaments first become 
beaded, then the beads separate off from each other 
and float away in the medium. These beads may 
enlarge slightly after separation from the main 
body of the mitochondrion. Liver mitochondria 
isolated in cold 0.88 molar sucrose, 16-percent 
mannitol, or 5.8-percent saline never show the 
wide range in least diameter (0.1u-3.0u) seen in the 
physiological saline or water homogenates. 

The small particles (60my-100myu) seen by 
Claude and Fullam (4) in partly disintegrated 


mitochondria isolated in saline have also been 
observed in our material (fig. 5). Particles of such 


Figure 14.—Pert of the cytoplasm of a melanoblast of 
melanoma S-91 homogenized in 0.88 molar sucrose and 
prepared by the smear technique. The diameter of some 
whole filaments and of parts of others is about 0.1, 
below the resolving power of the light microscope. 
Melanin granules are also present. X 8,400. 


Figure 15.—Margin of the nucleus and some of the cytoplasm of a melanoblast of melanoma S-91 homogenized in 0.88 


molar sucrose and prepared by the smear technique. 
approximately O.lu. 8,400. 


Gold shedowed. The diameter of many of the filaments is 
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size have not been seen in intact or damaged mito- 
chondria isolated in sucrose or mannitol. In these, 
there is no evidence of the presence of particles 
reacting selectively to osmic acid, while the 
particles seen in mitochondria isolated in saline or 
distilled water apparently do react with osmic 
acid. Intact liver mitochondria are too dense to 
allow penetration of the electron beam, hence 
details of internal structure cannot be visualized 
in them. However, damaged mitochondria iso- 
lated in sucrose or mannitol frequently show evi- 
dence of what appears to be a substance finely 
granular in form fixed in the process of being 
released from them (Cf. 12). - 


DISCUSSION 


Both Claude and Fullam (4) and Zollinger (4) 
have presented evidence for the presence of mem- 
branes on the mitochondria of certain cell types, 
the former for lymphoma cells, the latter for 
hepatic cells. Our material, examined under the 
electron microscope, fully confirms this finding for 
normal hepatic cell mitochondria and for spon- 
taneous and induced hepatoma as well as for S—91 
melanoma mitochondria. 

The results suggest that the great variation in 
size of the bodies isolated in physiological saline 
and distilled water is the result of swelling and frag- 
mentation of mitochondria. Filamentous forms, 
particularly, change rapidly from smoothly con- 
toured threads to beaded filaments. The frag- 
mentation of these beaded filaments into several 
spheres of various sizes has been observed and is 
considered to be the source of many of the smaller 
particles (cirea O.lu to 0.34) seen in electron 
microscope photographs of liver homogenates 
isolated in distilled water or 0.85-percent saline. 
This does not exclude the possibility of the exist- 
ence of mitochrondria of this size in cells of other 
types. In fact, as mentioned previously, fila- 
mentous forms have been seen in our preparations 
of spontaneous hepatoma and of melanoma S-91 
which measured as much as 2y in length but 
less than 0.2u in diameter. Regardless of the 
length of a filament, it would obviously not be 
seen if its diameter were below the resolving 
power of the objective used. This presents us 


with the possibility of the existence of mitochondria 
in certain cell types which are below the resolving 
power of the light microscope. 


Particulate material 60mu—-100my in diameter 
has been found associated with mitochondrial mem- 
branes occasionally in preparations of mitochondria 
isolated in 0.85-percent saline and frequently in 
preparations isolated in saline and transferred to 
distilled water before fixation. Such particles 
have never been observed in mitochondria iso- 
lated in 0.88 molar sucrose, only the fine granu- 
lation mentioned previously. It is possible that 
the appearance of the mitochondrial contents in 
both types of preparations were produced as a 
result of a reaction to the suspending medium. 
However, since 0.88 molar sucrose maintains the 
normal size and shape of mitochondria for long 
intervals (2), it would seem reasonable to assume 
that the appearance of the substance within 
mitochondria isolated in this medium more 
closely corresponds in form to that present in 
healthy, intact cells. The possibility that this 
granular material is an artefact of fixation or of 
adsorption or absorption must be considered. 
However, several facts militate against these 
possibilities, viz.: (1) intact undamaged mito- 
chondria isolated in sucrose or mannitol have 
very clear outlines and cast very sharp shadows 
in gold-shadowed preparations (fig. 8), giving no 
indication of adsorption on their surfaces; (2) 
the presence of a membrane, permeable to water 
and NaCl, remaining intact in 0.88 molar sucrose, 
would probably not allow the absorption of 
particles large enough to be visualized with the 
magnification used; (3) the granular character of 
the mitochondrial contents becomes apparent 
only on release of the material following rupture 
or disintegration of the membrane, giving pre- 
sumptive evidence against a fixation artefact. 
The possibility remains that upon release of the 
mitochondrial contents, the sucrose induced the 
formation of the granules. The granular character 
as observed, however, appears to be a fair approxi- 
mation of the original morphology of the mito- 
chondrial contents as is the gross appearance of 
the whole mitochondrion. 

The problem of the variation in mitochondrial 
size, shape, and number under varying physi- 
ological conditions has occupied the attention of 
many investigators. Mitochondria have been ob- 
served to appear from and disappear into the 
cytoplasm (1/3). The assumption has been that 
such observations are proof of the de novo origin 
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of mitochondria from material of the ground 
cytoplasm. Evidence has been presented here 
that formed bodies may exist in certain cell types 
which have all of the morphologic characteristics 
of mitochondria as seen under the electron micro- 
scope but which are too small to be resolved with 
the light microscope. Thus, these earlier observa- 
tions do not necessarily have the significance orig- 
inally placed on them. In addition, this evidence 
places observations of a decrease in the number of 
mitochondria (74, 15) on a somewhat uncertain 
basis. It does not, however, affect the interpreta- 
tion of observations on change in size and shape ot 
mitochondria. 

The work of Noél (76) and others (17, 18) cor- 
relating changes in size and form of mitochondria 
with nutritional states may require reevaluation. 
For example, the increase in number of spherical 
and blebbed mitochondria in hepatic cells of ani- 
mals fed a high protein diet was interpreted as 
evidence for the participation of mitochondria in 
protein metabolism. The rapid blebbing and 
enspherulation of the mitochondria in hepatic cells 
immersed in saline suggests the possibility that the 
changes noted by Noél (16) and Deane (18) could 
be explained equally well as having resulted from 
a change in the colloid osmotic pressure of the 


cytoplasm. This in turn could result from varia- 
tions in the composition of the blood to which 
hepatic cells are exposed (18). 


SUMMARY 


Mitochondria of normal and neoplastic cells 


were isolated in various concentrations and com-. 


binations of electrolytes and nonelectrolytes. Ex- 
amination of such material under the electron 
microscope clearly revealed the presence of a 
membrane which in some instances was wrinkled 
and torn. Experiments indicated that this mem- 
brane is semipermeable. 

Evidence has been found which suggests that in 
some cell types, mitochondria may exist which are 
too small to be visualized with the light microscope. 

The size of the particulate material within mito- 
chondria at fixation has been found to be depend- 
ent upon the suspending medium in which they 
were isolated. Relatively large particles (60my- 
100mu) were found in mitochondria isolated in 
physiological saline while a considerably smaller 
granular substance was found in mitochondria 
isolated in 0.88 molar sucrose. 

The significance and implications of these find- 
ings have been discussed. 
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THE AMERICAN CANCER SOCIETY FELLOWSHIP IN EXFOLIATIVE CYTOLOGY 
REGULATIONS FOR 1948-1949 


BACKGROUND 


At the Society’s Symposium on Exfoliative 
Cytologic Diagnostic Techniques held in Boston 
in April 1948, it was the opinion of the invited 
delegates that facilities were urgently needed to 
train qualified pathologists and clinicians in 
teaching positions at approved institutions pro- 
viding residency training in pathology as well as 
facilities for training technicians. 

The delegates recommended that the American 
Cancer Society actively engage the interest and 
support of institutions and laboratories in setting 
up such training programs where the best training 
facilities appeared to be available. Thus, in- 
quiries were sent to 14 laboratories, and, on the 
basis of their interest and monies available, grants 
will be made for fellowship training in 10 labora- 
tories to support 23 fellows. 


PURPOSE 


To provide training in diagnostic techniques in 
exfoliative cytology for qualified pathologists. It 
is anticipated that trainees will not assume the 
role of teachers until sufficient personal experience 
and competence have been acquired. 


AWARDS 


Fellowships shall be awarded by institutions or 
laboratories designated by the Society to individ- 
uals on the basis of their past training and their 
intention to teach in their own laboratories 
diagnostic techniques in exfoliative cytology to 
interested pathologists, clinicians, and technicians. 


ELIGIBILITY OF APPLICANT 


Applicants for Fellowships in Exfoliative Cytol- 
ogy of the American Cancer Society shall: 

(1) Be graduates of Class A Medical Schools of the 
United States and its Territories and of Canada; 

(2) Be citizens of the United States; 

(3) Be not over 50 years of age on the next birthday 
following commencement of Fellowship tenure; 

(4) Have completed two years of post-graduate training 
in pathology; 

(5) Conform in other respects to requirements of the 
institutions to which they apply. 


TERM OF FELLOWSHIP 


Fellowships shall be awarded for a period of 4 
months and are not subject to renewal. Fellow- 
ship training shall commence as soon as possible . 
after November 1, 1948. 


STIPENDS 


Stipends shall be paid in two sums: The first, 
a grant to the laboratory for tuition, overhead, 
and other expenses as outlined to the Society; 
the second, to the trainee to partially cover his 
board, room, and incidentals for the period ot 
training. This latter sum shall amount to $140.00 
per month and shall be paid directly to the indi- 
vidual monthly in advance. 


APPLICATIONS 


Individual applicants for Fellowships in Ex- 
foliative Cytology shall apply directly to institu- 
tions where Fellowships are available. In no 
instance shall application be made directly to the 
American Cancer Society. 


FELLOWSHIPS AVAILABLE 


| Num- 


LABORATORY DIRECTOR 
BER 

Cornell University Medical College, New York City, N. Y__---------- 6 George N. Papanicolaou, M. D. 
Jefferson Hospital, Philadelphia, Pa_____________-______- 6 | Lewis C. Scheffey, M. D. 
University of Oregon Medical School, Portland, Oreg- - - 2 Warren C. Hunter, M. D. 
University of California Hospital, San Francisco, Calif __- 2 Herbert F. Traut, M. D. 
Michael Reese Hospital, Chicago______________-_-____-- 2 Otto Saphir, M. D. 
Hartford Hospital, Hartford, Conn___-___________- 2 | Ralph E. Kendall, M. D. 
New York Post-Graduate Hospital, New York, N. Y_-- 1 | Locke L. Mackenzie, M. D. 
Free Hospital for Women, Brookline, Mass_________-_-__- 1 | Arthur T. Hertig, M. D. 
Mayo Clinic, Rochester, 1 | John R. MeDonald, M. D. 
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sequence. Each text-figure legend should be inserted in the text underneath the line following 
the first reference to it. All legends should be double spaced, with hanging indention; that is, 
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